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Fourth Annual General Meeting. 


The Fourth Amiual General Mooting of the Na tional Institute of Heiences 
of India was held at 5 p.m. on Monday, the 2nd January, HKil), in the Hailey 
Hall, Lahore. 

The following Fellows were present: — 


Prof. S. 8. Hliatnagar. in tim cliair. 

Prof. S. 1\ Agharkar, Honornrtj Secnlarij. 


Prof. K. Uopala Aiyar. 

Pr^jf, Y. Bharadwaja. 

J.)r. B. h, Mhatia. 

Dr. K. K. Boho. 

Dr. H. Bhaudburi. 

Dr. B. N. Chopra. 

Prof. S. C. Dhar. 

Prof. 8. Iw. Ghose. 

Prof. J, C. Ghosh. 

Khan Bahadur M. Afxal Hunain. 
Dr. A, C. tTofthi. 


Dr. S. N. Kapur. 
Pit.f. P. K. Kiohlu. 
Dr. 1). 8. Kothari. 
Dr. K. H. Mohra. 
Prof. S. K . Mitra. 
Prinfipal P. Parija. 
Dr. B. Priirthad, 

Dr. H. K. Son. 
I’rinoipal J. M. Soii. 
Prof. M. R. SklLiitji. 
Prof. B. K, vSingh. 


The meeting was also attended by about 40 visitors. 

1. The minutes of the Tenth Ordinary (Toneral Meeting werc^ read and 
oonHnnod. 

2. The Chairman appointed Dr. N. K. Bose and Dr. H. CHiandhuri to 
act as scrutineers of the ballot papers re(?oived I'or the oieetion of officers and 
other members of the Council for the year 1030. 

3. The Chairman appointed Dr. B. [*rashad and Prof. B. K. Singh to act 
as scrutineers of thts voting papers received for the oieetion of Brigadier (I G. 
Lt^wds as an Ordinary Fellow under llcgulation 12 regarding the election of 
Ordinary Fellows. On the votes reoeivod Brigadier Lewis was elected a 
Fellow. 

4. The following Ordinary Follows wiux3 admitted as Fellows as j)er 
Rule 13:— 

N. K. Prof. U. (kipttla Aiyar. 

Prof. S. C. Dhar. Dr. A. C. Joslu. 


5. The following were declared to have been elected officers and otlier 
members of the Council for the year 1930 : — 

PremtierU: Brevot-Coi. H. N. Chopra, 

Vice^PreMeriUi Sir U. N. Brahinewjhori. 

Dr. A. M. Heron, 

Treastmn Dr. B. 8. Guha. 

: Prof. B. Bahni. 

Secretaries Prof. S. P, Agharkar. 

Dr, C. S, Fox. 
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POtTBTH AKKtrAti GENERAL MHETIKO. 


Mmxbtrs of Council'. Prof. S. S. Mhatiiagar, Mr. H. G. Champion^ Prof. J. C. Ghosh, Khan 

Bahacivir M. Afzul Hunain, Dr. M. S. Krishnan, Dr. R. B. Lai, Prof. S. K. Mitra, 

Prof. A. H. Mukijerjoo, Dr. V. W. B. Nt>rmajul, Prof, U, R. Parttiij)«\ Dr. H. PraMlanh 

Prof. M. Qurnshi, Rao Bnluniur (J. N. HangaKwanii Ayyaugar, Prof. N. H. Son, Sir 

Shah M. Sulaiiaan, Col. A. Tayltn“, Htio Baha<hir B. VorikafoHa(ihar and Mr. F. Ware. 

B. Mr. L. Manon waa propoaed for ckMition an an Ordinary Fellow of the 
National hiKtitulc? undei- Regulation 12 regarding the eiecition of Ordinary 
FellowH. 

7. I'he Annual lie port for the year llKfS, j>repared by tlie t’ouneil, was 
adopted. 

8. Owing to tJie abseruje of tlu' Fresidout, Prof. M. N. Saha, on account 
oi illnesM, his Annual Address on the ‘vSolar Ck)iitroj of the Atmosphere’ was 
read on his behalf by Prof. S. K. Mitra. 

b. The following i)aperH were reafl : — 

(1) Amplification of the theory of multi phased gastrulation among 

insects, and its applicability to some other Arthropods. By 
M, L. Roonwal. {Communicated by IVof. K. N. Bald.) 

(2) Heat of Ionic dissociation of IfHlides of rubidium and lithium and 

electron affinity of Iodine. By B. N. Brivastava, (Gominuni- 
catecl by Prof. M. N. Saha.) 

With a vote of thanks to the Chair the meeting terminated. 



National Institute of Sciences of India 

ANNUAL REPORT 

Tlio Council of t he Niiiional Institute of Sciences of India have pleasure 
in submitting the following report oji the general cc)n corns of the Institute 
for the year 19118, as required by the provisions of rule 48(/). 

Membership. 

The number of Fellows on the roll of the Institute at t he })eginniug of the 
year was 1 5 1 Ordinary P\dlowH and 13 Honorary Feilows. 19 Ordinary Follows 
juitl 4 Honorary Fellows W'ore elected during the year in accordance with 
the procedure laid down in the Regulations. 4 OrdinaTy Ftdlows resigned 
tJioir Fellow’^ship during the year. The total number ol* Fellows on the roll 
at the end of the year is 157 Ordinary and 17 Honorary Follows. Of the 
157 Oi’dinary Fellow^s 5 arc non -resident, 

Medbi^s. 

The Third Annual Meeting wais held at the S(mate House, (-alcutta 
University, on the 8th January, 1938, An aceoimt of the meeting was 
published in the Proceedings, Vol, IV, pp. 1-2. 

Three Ordinary General Meetings were held during the year, the first on 
the 25th and 26th July, 1938 in the Library Hall of the Indian Met^eorologieal 
Department, Poona, the second on the 20th August, 1 938 in the rooms of the 
Royal Asiatic Society of Bengal, Calcutta, and the third on the 26th and 27th 
September, 1938 at the Royal Institute of Science and the Sir Cowasji Jehangir 
Hall, Bombay. Accounts of these meetings, together with the papers read, are 
being published in the Proceedhigs. The first of these meetings included a 
Symposium on 'Weather Prediction’ and the third held on September 20th 
and 27th a Symposium on the ‘Recent Work on the Synthesis of naturally 
occurring substances ^ as well as three public lectures given by scientists. 

The CounciL 

The officers and members of Council for the year 1938 were elected at the 
Third Annual Meeting held on the 8th January, 1938. The Council, together 
with the representatives of the co-operating Academies, the Indian Science 
Congress Association and the Government of India, was constituted as 
follows: — 

Presidml . . , . Pmf. M. N, Saha. 

Vice-PresukrUs . . . . Prof. S. S, Bhatuagar, 

Brevet*Col, B. N. Chopra. 
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Additional Vice-PreMents 


Treasurer 
Forei0i Secretar?/ 
Secreiari^9 

Members of Council 


Addifionn} Memhera of Council . . 


Sir U* N. Brohmaohari* 

Prof, N. R. Dhar. 

Kao Bahadur T, S. Venkataroman. 
Br. T. 8, Wheeler. 

I)r B, S. Guha. 

Prof. B. Saiuii. 

Prof. 8. P. Agharkar, 

JDr. A, M. Moron. 

Mr. T. P. Bhaakara Shastri. 

Dr. G. 8. Bone. 

Mr. H. a. Champion. 

Pn^f. J. a Ghosh. 

Dr. F. H. Gravely. 

Khan Bahadur M. Af%al Husain. 

Dr. K. 8. Krishnan. 

Dr. R. B. Lai. 

Prof. S. K. Mitra. 

Prof. j. N. Mukherjee. 

Dr. C. W. B. Normand. 

Sir Arthur Olvor. 

Dr. Baini Frashad. 

Prof. N. R. Son. 

Lt.-Col. 8. S. Sokhey. 

Prof. V. Subrahmanyan. 

Col. J. Taylor. 

Rao Bahadur B. Venkatosoohar. 

UtS 

Sir Bryoe Burt. 

Prof. P. S. MaoMahon, 

Prof. O. Matfchai. 

Mr. W. D. West. 


Dr. H. B. Dutt wan appointed an additional member of Council in place 
of Prof. P. S. MacMahon who had left India. 

The Council held eight meetings during the year. 


Additional Cotnmitteee, 

A sub-committee consisting of (a) the General Secretaries, (b) the Editor, 
(c) Prof. J. N. Mukherjee and (d) Prof. S. K.. Mitra was appointed to draw up 
general rules regarding Symposia. 

A sub-committee consisting of the Pi*esident, the Secretaries and the Editor 
was appointed to draft mles regarding the refereeing of papers submitted for 
publication by the Institute. 

A sub-committee oonsistmg of the President, the Secretaries, the Treasurer 
and I>r. Baini Prashad was appointed to propose suitable modifications in the 
rules of the Institute to make provision for the association of eminent per- 
sonages with the National Institute. 

Publicatiom. 

Four numbers of the Proceedings and one number of the Transactions were 
published during the year. 

Dr. H. 8. Krishnan was appointed joint editor of l^e publioatioiis of the 
Irustitute. 





Exchanges, 

Five additional Societies and Institutions have been placed on the 
exchange list for the publications of the Institute, bringing the total number 
on the list to eighty-five {vide Appendix IV). 


Lit}rary, 

Four hundred and seventy- two books and parts of periodicals and reprints 
were added to the library during the year (tnde Appendix V). 

A noteworthy addition to the library was a complete set, as far as pub- 
lished, of the Reports of the Canadian Arctic Expedition, received 

from the Canadian Department of Mines, Ottawa. 


Presents <md Donaiicms, 

The following grants-in-aid have been sanctioned during the year to the 
Institute : — 

(1) Rs.200 per annum for two years from the session 1937-38 from the 
Dacca University. 

(2) RsAOO for the session 1938-39 from the Calcutta University. 

(3) R8,3(K) for the year 1347 F. from Osmania University. 

(4) Es.500 per annum for throe years from 1938-39 from the Imperial 
Council of Agricultural Research. 


Fincmoe, 


An audited statement of accounts of the National Institute for the period 
from 1st December, 1937 to 30th November, 1938 is submitted {vide 
Appendix VI). The total ordinary receipts for this period are 118.19,002-3-3, 
inclusive of granta-in-aid (from the Covernment of India for 1937-38 and 
1938-30, Rs.12, 000-0-0 and from Universities, Ba.500-0-0), and the ordinary 
payments, Rs.S, 787-8-3, leaving a balance of Rs.lO, 814-11-0. A sum of 
Rs.512-0-0 was realized on account of admission fees and R8.50-14-0 as 


donation. 


At the beginning of the year the cash position of the Institute was as 
follows 


In Savings Bank account 
„ Government paper . , 
„ Current account 
„ hand 


Rs. A. K 
2,089 9 0 
33,000 0 0 
700 15 5 
8 0 0 


Total 


.. 35,798 8 5 
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the end of the your, howover, the oash posJtion of the Institute wm as 
follows : — 

Bi?, A, p. 

In Havings Bank account . , . . 2,145 2 0 

,, Govcrninont paper . . . . . . 33, 000 0 0 

,, (hirrent a(;{?ount , . . . . . 12,023 15 H 

,, hand . . , . . . * . 0 15 0 

Total .. 47,176 1 5 

AfCKN DICKS. 

I. List of KoUows, 

II. AbstrantH of ProcoeHingH of tho Council, 

III. ComniittecH, 1939. 

lY, Lint of liwititutionH ojt tho Kxchange List. 

V. Periodicals recei\'cd for tVie library. 

VT. Audited statintu'ut of actMiunts, l)«!»ccnnber 1937 -November 1938. 

Vn. Budget Estiiiuitc, Docembor 1938- Novendier 1939. 
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LIST OF FELLOWS 

OKDINAUy FKLLOWS 

1. Abraham, Lt.-Coj.. W. 13. V.. A.B.C.S. (I.), F.a.S., M.tnst.F.T., Senior Ooologkt, 

Hiinnah Oil Ltd., JUirma, Kbodauiig, Magwo, Burmn. (lOlifi), 

2. Aoharkar, 8. P.. M.A., Ph.D., F.L.S., OIioho Prf>rosH(>r of Botany, Oalcutta 

IJnivDrsity, 3fi, Ballyganj Circular Itoiwi, (.Vlcutta. 

3. Ahmao, NAKrn, O.B.E., M.Sc., Ph.T>., JJirecfcor, Indian Central Otjfton OomrnittooV 

Technological Laboratory, Matunga. Bombay. 

4. Aiyar, K. Coi»ala, M.A., L.T., M.Sc., ITniveraifcy Profeasor of Zoology, and OiivctA>r, 

* Univoraity Zoological Laboratory, Madras, ( 1(138), 

5. Ajukkar, 8. L., B.A.. I,E.8. (Retd.), 855, Bhamburdo., Poona 4. 

b. Ananha Kao, K., Rho Bahadur, M.A.. I.FLS., Pi*ofosHor of MathomaticH, Prenidonev 
Cnlloge, Madras . 

7. Ash, \V. 0., B.Sc„ M.Tnst.C.E., A.M.l,Mech.E.. Bengal Club, Calcutta. 

8. AuPKN, J. IL, M.aA, {(Jantfib.), Ceologiat, Geological Survey of Tndia, Indian Museum, 

Calcutta. (1938). 

9. Awati, P, H., B.A., B.l.C., T.E.S., Professor of Zoology, Royal Inatitute of Rcionco, 

Mflyo Road, Bombay ). 

10. Baooitkh:, K. D., D.Sc„ D.T.C., Mycologist, Imperial Forest Research Institute, 

Dehra Dun, XJ.P. 

11. BAHr, K. N., D.8o., D.Phib, Professor of Zoology, Lucknow University, Lucknow. 

12. Bankrji, a. C., M.Sc., M.A., F.U.A.H.. I.K.S., Ih^ifessor of Mathematics, Allahabad 

University. Allahabad. 

13. S. K., I). Sc.. Meteorologist, Meteorological Office, Poona 5. 

14. Hkkson, C. F. C., D.Sc., Forest Entomologist, Imperial Institute of Forest Research, 

Dobra Dun, *IT.P. 

15. BfiAUAiWAJA. Y., M.Sc., Ph.D, (Lond.), F.L.S., Professor of Bot-any and Head of 

the Department, Hindu University, Benaros. (1937). 

10, Bhaskaua Shasthi, T. P., M.A., F.R.A.S., Director, Nizamiah Obsen^atorw Hydera- 
bad (Deccan). 

17. Bhatia, B. L., D.Sc., F.Z.S., F.R.M.S,, F.A.Se., Director, The Science Press of India, 

13, Hotusingb Road. Lahore. (1937). 

18. Bkatnaoah, S. S., O.B.K., D.Sc,, Professor of Chemistry and Director, University 

Chemical Lftl>oratories, Punjab University, Lahore. 

19. BHArrAonAKYA, D, R., M.Sc., Ph.D., Dr. Sciomres (Paris), Professor of Zoology, 

Allahabad University, 7, Malaviya Hoad* Allahabad. 

20. BoMroED, Major Gtty, R.E., Survey of India, Dehra Dun, (1935). 

21. BoaR, D. M., M.A., B.Sc., Ph.I)., Director, Bose Institute, 93, Upper Ciroular Hoad, 

Cilontta. 

22. Bose, G. 8., D.Sc., M.B., Head of the Deportment of Experimental Psychology, 

Calcutta University* 92, Up|>or Circular Road* Calcutta. 

23. Booii!, N. K., M.Sc., Ph.D., Offg. Director, Punjab Irrigation Research Institute, 

Lahore. (1938), 

Bose, S. N-, M.Sc,. Professor of Physios, Dacca University, Dacca. 

25, Bosk, S, R., M.A., Ph.D., F.R.S.E., Professor of B<»tany, Carmichael Medical College, 
Calcutta. (1935). 

20. Beakmackaei, Sm U. N., Kt„ R»i Bahadur, M.A., M.D., Ph.D., F.R.A.S.B., 

physioiiui, Medical College Hospitals, Cedcutta (Retired), 824, Cornwallis Street, 
CfOioatta. 
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27. Kuhns, W., D.Sc.. I.A.B., Agricultural Expert, Imperial Coimoil of Agri- 

cultural Xew IJoJbi, (1035). 

28. KuHttiuoiJi, W., D.M.. M.A. (Oxou), Profoawr of Physiology, Lucknow University, 

Lucknow. 

29. Kuht, Sm K. 0., Kt., C.l.K., M.K.E., B.So., I.A.S., Vioe-CIiaimian, Imperial 

Council of Agricultural Hcsearch, Now I>elhi. 

30. CAnpJCii, 0. C.. K.8c. (Agr.), F,L.S., 18 Glatlsiono Place, Aberdoeu, Scotland. 

31. CuAKUAVARTi, S. N., M.Sc., D.PhU., F.C.8., (^lemical Examiner to the Govemmoni 

of U.P. and C.P., Agra. (1935). 

32. CiiAMCioN, H.G., M.A., Oonscrvaior of Forests, WoBtom Oircile, Nairn Tal, Unitod 

ProvincOH. 

33. OriATOSK.iKr., G., M.Sc.. Motoorologist-in -charge. Upper Air Observatory, Agra. 

(1935). 

34. CiiATToirum, H., M.Sc., I). So., Ph.U., B.I.C., Reader and Head of University 

Toaolung in Botany and Director, Kashyap Kosoorcjh Laboratory, Punjab 
University, Lahore. 

35. OiToruA, K. N., D.Sc.. F.L.S,, Assistant Sui>orintiendont, Zoological Survey of India, 

Indian Museum, Calcutta. (1935). 

30. Chopra, Brevrt-Coi.. R. N., C.T.E., M.D., Sc.I),, F.H.A.S.B., I.M.S., 

Director, School of Tnjpical Medicine, Cahmtta. 

37. Chowouury, J. K., M.Sc., Dr.Phil. (Kerliu), Reader in Chemistry, Dacca University, 

Itainna, Dacca. (1938). 

38. Chowla, S.. JV1.A., Ph.D., Professor of Mathematics, Government College, Lahore. 

39. CoinjuMAN, KaiaAi>rwH Sir HAHOi.n, Kt., D.S.O., M.C„ c/o Lloyds Bank Ltd., 

R. Dept., 6, Pall Mall, London, S.W. 1. 

40. CoutsoN, A. L., D.Sc.. D.I.C., F.G.S., Superintending Gecdoglst, Geological Survey 

of India, Indian MtiHoum, Culoutta. (1935). 

41. Crookshank. H., B.A., D.Scj., B.A.I., Huperintonding Geologist, Geological Surv^ey 

rtf India, Indian Museuin, (Vdeutta. (1938). 

42. Dastur, R. H., M.Sc., Cotton Phy8ir)logiHt, Agricultural College, Lyallpur, Punjab. 

43. DArrA, S., M.Sc,, D.Sc.. D.T.C., Professor of Physitjs, Presidency CJoUoge, Calcutta. 

(1935). 

44. Datta, Captain S. C. A., B.Sc., M.R.C.V.S., Veterinary Rosoaroh Officer, Imperial 

Veterinary Rosoartih Institute, Miiktesar-Kumaun, U.P. (1938). 

45. Dky. B. B., D.Sc., K.I.C., I.E.8., Professor of Chemistry,' Prosidency College, 

Madras. 

40. Dhar, N. R., D.Sc., F.I.C., Deputy Director of Public Inatruotion, U.P., 

Allahabad. 

47. Duar, S. C., M.Sc., D.Sc. (Cal.. Edin.), F.R.S.E., Professor and Head of the Depart- 

ment of Mathematics, Nagpur University, Nogjmr. (1938). 

48. Dunn, J. A.. D.Sc., D.1,0., F.G.S., Geologist, (Rndogical Survey of Inrlia, Indian 

Museum, Calcutta . (1935). 

49. DuNNiOLiirir, H. B., M.A., Sc.D., F.I.C., I.E.S., University Professor of Inorganic 

Cliomistiy, Government College, Lahore. 

50. Dutt, S. B., D.So., D.I.C., Reader in Organic Chemistry, Allahabad University, 

Allahabad. (1935). 

51. Evans, F., B.A., F.G.S., Geologist, The Burmoh Oil Company, Ltd., P.O. Digboi, 

Assam. 

52. Fkhmoh, SmLifiWis L., Kt., O.B.E., D.Sc., A.R.8.M., M.Inst.M.M., F.G.S., F.H.A.S.B., 

F.R.S., c/o IJoyds Bank, 6, Poll Midi, London, S.W. 1. 

5.3. Fowi^hk, Gilbkrt J,, DFto,, F.I.C., Consulting Chemist, Maokay’s Gardens Annexe, 
Gratnes Hoad, Cathedr^ P.0,, Madraa. 

54, Fox, C. S., D.So,, M.I.Min.E., Superintending Geologist, Geological Survey of India, 

Indian Musoum, Calcutta, 

55, Gki», K. H,, M.A., F.G.S,, Geologist, Geological Survey of India, Indian Muaeum, 

Calcutta. (1935). 

56, Ghobh, S, L., M.Sc., Ph.D., Professor of Botany, Government College, Lahore. 
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57, Ghosh, J,, M.A., Ph,D,, Profossor of Mathematicjs, Froftidenoy Colleffe, Calcutta, 

(1936). 

58, Ghosh, .T, C., D.Sc,, Profoasor and Hoad of tho Itepartment of Ohoiniatry, Pacca 

Uaivoraity, Ramna, Dacca, 

59, Ghosh, P. N,, M.A., Ph.D., Sc.D. (Hon.), F.Inst.P., Ghose Profossor of Applrod 

Physics, Calcutta University, 92, Upper Circular Road. Calcutta. 

(10. Glenhik, Lt.-Col. E. a., D.S.O., R.E., Survey of India, Dohra Dun. 

61. GRAVHLy, F. H,, D.Sc., F.R.A.B.B., SufH^intendont, Government Museum, Museum 

House, Egmore, Madras. 

62. Ghua, T1, S., M.A., Ph.O., Assistant Superintendent, Zoological vSurvoy of India, 

Indian Museum, Calcutta. 

63. Guha, I*. C., I). Sc., Acting Professor of Organic Chemistry, Indian Inwtitutt> of 

Science, HebbaJ, Bangalore. (1935). 
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APPENDIX III. 
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APPENDIX IV. 
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AUahnhatL 


hidian. 


L Allahabad Univorsitv. 

2. National Aoadomy of Sciuucoa, India. 
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16. Calcutta Medical Club. 

20 . Calcutta XJniverfiity . 

21. Cannichael MfMdical College. 

22. Oet'tlogicab Mining and Metalhu'gical Society of J tidia. 

22. Geological Survey of India. 

24. Indian Aa#»ooiation for the Cultivation nf Scierice. 

25. Indian Chemical Society. 

26. Itulian Medical Ga/.et to -“(Thacker, Spink & (’o. (102:1), Ltd). 

27. Indian Physi(;al Society. 

2ft. Indian Psychological Aftsociation. 

26. Indiati Statistic^ Institute. 

20. Indian Tea Association. 

21. Institution of Ohomists, Itnliu. 

22. Mining, Geological and InMtitntc of lodia. 

22. Physiological J^ciety df Ihdia. 

24. Royal Asiatic Society of Bengal. 

35. Science and Culture. 

36. Sur\*oy of India. 

37. Zoological Survey of India. 

Coonoor, 

38. Pa«tt3ur Institute of Southern India. 

Diwca, 

36. Dacca Univorsity. 

Dehra Dun. 

40. Board of Management, Indian Pi>rester. 

41. Imperial Forest lieseoroh Institute. 

Hyderabad (Deccan). 

42. Department of Minos and Geological Survey, H.K.H. the Nizam’s Govormnont. 
48. Osmania University. 

Indore. 

44. Inatituto of Plant Industry. 

Ka&attU. 

45. Central liosoarch Institute. 

46. Indian Journal of Medical Hesoarch. 

47. Malaria liistituto of India. 

Lahore. 

48. Punjab University. 

Duohmrw. 

49. Indian Zoologioal Memoirs. 

Madrae. 

50. Indiaa Botanical Society. 

51. Kixig Institute of Preventive Modieme. 

52. Hadraa Fiahetiea Department. 

53. Madraa Govenunent Muaetim. 

Muktmar. 

54. Impedal Vet^dnary Beeearoh Institute. 
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Naggctft {Punjab), 

55. Himaittyan Research Irwtituto, Roerich Museum ^ 

'bicw Delhi. 

5H. Imperial Council of Agricultural Research, 
jpocna. 

57. India MettHirolt)gical Department. 

58. Indian Muthematioal Society. 

lUinchi. 

59. Indian Lac Research Institute. 

Simla. 

60. Hiniolayau Club, 

Foreign. 

Canada. 

61 . Department of Mines* Ottawa. 

62. (ieologioal Survey of Canada, Ottawa. 

Cape Colony. 

68. South African Library, Cape Towrn 
OhitM. 

64. Natiotial Agricultural Resoarch J5ui*eau, Nanking. 

France. 

65. Museum Natural tl'Kistoire Natumlle, Paris. 

Germany. 

66. ChoiniMchort Zontralblatt, Horlin. 

Great Ilritain. 

67. Britihih Museum, Natural History Section, Loudon. 

68. ImfKM’ial Buromj of Plant (huietkrs (for erojjs other tlian Herbage), Cambridge 

69. Iinpt>rial Humau of Pliant Genetics (Herbage plants), Aberystwyth. 

70. Nature, London. 

71. Patent Office, Lotulon. 

72. Royal Botanic Gardefw, Edinbirngh. 

78, Royal Society of Edinbuigh. 

74. Science Muaeum, London. 

Italy. 

75. InsUtut Intortiational d'AgriciUtuTO, Rome. 

Java. 

76. Departomont van Economiaoho SSiaJken^ Batavia. 

PhUippime. 

77. Philippine Bureau of Science, Motula. 

Ptutsia. 

78. AU-Uuion Lenin Library, Moooow. 
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Uganda. 

79. (ieological S>irv«y of Uganda. 

V.iS.A. 

80. Amodcaa Chomicai Souioty» Colmnbuw, Ohio. 

81. American Museum of Natural History* New York. 

82- Marine Biological Laboratory, Woods Hole, Maen, 

83, Scrip ttii Mathematica, New York. 

84, Treasury Oepartmont, U.S, Public Health Service, Washington. 

85, U.iS. I>epai*t-meut of Agriculture, Washington. 


APPENDIX V. 


LIST OK FERlOinCJALS RECEIVED IN EXCHANGE OR AS PRESENTATION. 


Indian. 


Agriculiuix^ and LivesU^cU in India. 

Amiual Iteport of the Iridiau Ontral CJol-toa (yoimnittoo. 

Annual Report of the Imperial Veterinary Rosearch Institute, Muktosar. 
Annual Heptirt of the Indian AnsiKuation for the Cultivation of Bciimce. 
Annual Review of Biochemical and Allied Research in India. 

Bulletin of the Indian (kjntral CV>tton t/omniitteo. 
ihdlotin of the Cal(!utta Mathematical Society. 

Bulletin of the Department of Inclusti’ies, Bombay. 

Bulletin of the Geological, Mining and Metallurgical Society of India. 

Bulletin of the Madras Government Museum. 

Bulletin of the Mysore Coffee Kxi>eriment Station. 

Calcutta Medical doumal. 

General Report of the Survey of India. 

Indian Forest Records. 

Indian P*ore«ter. 

Indian iloumal of Agricultural Scjenoi^ 

Indian Joiimal of PhynicH. 

<Indlan Journal of Medical Rtwmrch, 

Indian Journal of Veterinary Science and Animal Hunhandry. 

Indian Medical Gazette. 

Indian Medical Re«ear(?h MemoirH. 

Indian Ecological Memoirs. 

Journal of the Dopartmciit of Science. Calcutta Univemity. 

Journal of the Indian Chemical Society. 

Journal of the Indian Institute of Science, Bangalore. 

Journal of tlie Indian Mathematical Society. 

Joumid of the Indian Medical Aooooiation- 
Journal of the Bdalaria Institute, India, 

Journal of the Univeraity of Bombay. 

Jubilee Volume of the Anthropological Society, Bombay. 

Madra«t Fisheries Bulletin. 

IfemoitH the Geological Survey of India. 

Mynore Agricultural dalendar. 

Nagpur University Journal. 

ProeoedingM of the 55th Indian Scuenco Congress. 

Proceedings of the Indian Aocuiemy of Sciences, Bangalore. 

Proceedings of the National Academy of Scienofis, India. 

Prooeedings of the Society of Biological Ghemista. 

Punjab Forest Records. 

Quarterly Bulletin of the Central Board of Irrigation . 

Quarteriy Journal of the Geological, Mining and Metallurgi<ial Society of India* 
Records of the Botanical Survey of India. 

Records of the Oeolo^oal Society of India. 

Records of the Malana Institute of India. 
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Kocorda of the Mysore Geological Dopartmont. 

^Ueport of the Botanical Sur\^ey of India. 

Report of the Irwin Catud 8oil Hurvey, 

Report of the King Institvito of Pi-ovontive Medicine, Madras. 

Report of the Madras Fisheries Department, 

8t‘ionce and Culture. 

Hcientiho Monographs the Imperial Council of Agricultural Rtwearch. 

Sciontiiic Notes of the Indian MoUsJt'ological Department. 

Statistical l-eallotH of the Indian Central Cotton O^mmittoe. 

Summary Pror<ie< lit »gH of the Meetings of the Indian Central Cotton Committee. 

HtippJy and Distril)ution of the various typos of Indian Cotton during the session Ift.'tfMtT. 
The Mathematics Student. 

Transactions of tito Mining, Geological and Metallurgical Institute of India. 


Foreign, 

American Museum Novitates, Now York. 

Armais 0 ardin Hcdanique. Buiteu7.org. 

Annual Report of the British Museum. 

Annual Report of the Geological Survey Department of Ugarula. 

Biological Bulletin of the Marine Biological Laboratory, Woods Hole, Mass., C.S.A. 
Berielito der Deutschon Chomischen G^ellschaft, Berlin. 

Bulletin of the Canada D<»parim(’>nt of Mines. 

, Bulletin Jiirdin B(»taiuque, Buitenrorg. 

Bulletin (Herbage Publication Series), Imperial Burt'tiu of Plant Genetics, Aberystwyth, 
Bulletin Museum d’Histoirti Naturcdle, Paris. 

Bulletin of the U.S, National Museum, Washington. 

Chronica Botani(ra, l^ieyden. 

Cr>ll©(!ted Reprints of the Woods Hole Oceanographic TnsiituU^. 

OiUtrilmtioiiS from the U.8. Herbarium, Washington. 

Crop lieptrrts of tVie National Agricultural RoHoarch Institute, Nanking. 

Ex|»erirae?ifc SLdion Record, U.S. Department of Agricultim^, Washington, 

Himalayan ♦Tournal. 

»Toiirual of the American Chemical Society. 

.lournal Shanghai Institute of Science. 

Memoirs of tlie (!;ana<la Doparttnont of Mines. 

Memoirs of the Oeologj(»al Surv*ey of Uganda. 

Niitoa from the Royal Botanic Gardens, Kdinburgh, 

Proceetfings of the Royal Society of Edinburgh. 

ProceediugH of the U.S. National Musouni. 

Papers in Physical Oceanography and MeU>oroiogy, Woods Hole Ocoanographic Institute. 
Heport of the Canadian Arctic Ex})edition, 1013“! 1118. 
lieport of the Canada Department of Minos. 

Scripta Mathematioa, New York. 

Studies from thf3 Departiuent of Pliysics, Shanghai Institute lif Science. 

'Pechnical News Bulletin of the National Bureau of Htamlards, Worthington. 

Transactions luid Pmcetidings of the Botanical Stmiety of Edinburgh. 

Troubia. 
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APPENDIX VII. 


BUDGET ESTIMATE FOE 

1938-39. 



1937.3tl 

Katimates. 

1937-38 

Actuals. 

Budget 
Kstiinato for 
1938-39, 

Ordmury Eeceipltn. 

Kh. 

Ks. 

Kh. 

HubHcriptiouM . . 

r.,200 

4,984 

5,500 

IntoroHt 

(.Contribution towards publication of 

1,200 

‘ 1,260 

1,200 

‘ Indian Sciouco Abstracts* 

500 

550 

500 

Sale of publications 

500 

308 

300 

(Trants-iu-aid . . 


500 

700 

Grant -in -aid from Oovorimieut of India 

12,000* 

12,000* 

ttAKM) 

MiBceUaneouH . . 

Contribution from (General Fund 


4 

2,460 


19,400 

19,602 

16,650 

Kxtraordinary Hcccipt^ . 




Admission Fees 

320 

512 

320 

Donation 


51 



320 

563 

320 

Ordinary 




SaUrieM and allowances 

2,700 

2,562 

2,700 

Publications 

Contribution to co-ctfierating academies 

9,000 

3,683 

9,000 

under Rule 19 

1,000 

1,008 

1,200 

Furniture 

500 

500 

Postage 

000 

iio 

500 

Stationery 

150 

03 

160 

Audit Fee 

Honoraria, etc,, for preparing abstracts 

50 

50 

50 

for * Indian Scionco Abstracts * 

.... 

165 

1,200 

Travelling 

.... 

504 

600 

Office Rent 


200 

600 

MisooUaneous . . 

6(>0 

112 

150 

K<^funded to the General Fund 

4,80U 

10,815 

.... 


19,400 

19,602 

16,650 

Extraordinary Paymrnt<f, 




Funding of Admission fees and 




XIonation 

320 

503 

320 


* Grant fur 2 years, 



Annua] Address to the National Institute of Sciences 

of India. 

LAHORE, 1939. 

By PuoF. M. N. 8aha, D . Sc.y PalU Professor of Physics^ 

CaldfUa. University, 


ROLAR CONTROL OF THE ATMOSPHERE. 

OmTKNTf*. 

Pa^ic. 


1. Cjknkral , . . . . . . . . . , , 21 

‘X*ubHeations . . . . . . , . . . , . 22 

Finarices . . . . . . . . . . . * 22 

(lonoral HetnarUfi . . . . . . . , . , 22 

Tl. Hoi;aii Control oir TJfK Atmospherk .. 24 

TutrocUiction . . . , . . . . . . . . 24 

The Oxone Scroen , . . . . . . . . . 211 

Above the Ozone Screen . . . . . . . , . , 20 

Aurora : Active Sun . . . . . . , . . . 27 

Night Sky Phenomena : Quiet Sun . . . . . . 28 

Terrestrial Magnetism and its variation . . . . , , 20 

The Ionosphere . . . . . . . , . . 81 

Source of free electrons : Photo-ionization . . . . . ► 81 

Formation of elef^tron layers . . . . , . , , 84 

The F^-layer . . . . . . . . . . , , 86 

Radio Fade-outs . . . . . . . . . . 87 

Tentative theories of the Ltnnmoun Night Sky . . . . . . 88 

Astrophywical Theories of the Sun . . ... . . . . 86 

l.ong Period Variation of the Sun . . . . . . . . 41 


I. General. 

Last year w© met at Calcutta under the congenial atinospbcro of a great 
©vent in tbe annals of Indian Science — namely, the Silver Jubilee of the Indian 
Science Ocmgreas. Most of us will remember the thrill and Joy of the occasion 
and the benefit we derived from a contact with our distinguished overseas guests. 
We held on that occasion a symposium on River Physios iii which experts on 
different lines, geologists, zoologists, engineers actually concerned in field and 
laboratory operations, took part, The Report of the Symposium has been 
published so as to be available to the general public. This symposium had a 
wonderful reception in the Press, Indian as well as foreign, as it emphasized 
the need of organudng soientiflo study on a subject whicdi is of the highest 
imimrtanee to the welfm of the Indian nation. Two other symposia were 
held in the course of the year, one at Poona on ^ Weather Prediction* on the 
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25th and 20th of July and the second one at Bombay on the 26th and 27th of 
September on ‘ Recent work on the Synthesis of organic substances occurring in 
Nature \ Both these meetings, which dealt with matters of the highest practical 
imiwrtance, were very largely attended by actual workers on the subject. A 
number of public lectures were also given under the auspices of the National 
Institute of Hciences. It is my experiencte *that these miniature Scienw 
Congresses, devoted to discussions on a particular subject provide far greater 
intellectual stimulus than the annual session, when one gets lost in the plethora 
of djjiners, parties, and entertainments. I hope that the National Institute of 
Soiern^es will find it possible to organize a larger number of such symposia in 
future years. 

Publications. 

The p\ibiieation of our Proceedings and Transactions has been continued. 
The Italian Scieru^e Abstracts for 1936 atul 1937 have been almost complet^ed 
and are in <;oiirs(' of publication. Our Oeneral Editor, Dr. Baini Prashad, has 
with his characteristic energy made up our arrears, and hopes to bring them 
out within a short time. On account of the increasing nature of the work it 
has been found necessary to assotaate with him as Associate Editor, Dr. M; 8. 
K risk nan, thus giving an accession of strength to our publication side. 

Finances. 

We have received from the Government of India grants for two years 
amounting to Rh. 12,(KX). The universities of (Calcutta, Osmatua and Dacca, 
and the Imja^rial C>ouncil of Agricultural Restmrch have agreed to continue 
their grants. Our gratt^ful thanks are due to these bodies. We are this year 
issuing an appeal to the Provincial Governments and other States and we 
hope that some response will be found. 

General Remarks. 

We ana glad to note that this year we have been lucky enough to suffer no 
losses by death. Our total number of Fellows (including the new entrants) has 
risen to 157, The fear expressed in certain quarters that on account of the con- 
si ant iuldition of 10 per year our number would swell to unmanagea ble propor- 
tions is th us seen to be falsified. As a matter of fact for the last four years, there 
has betm a steady balance between losses and gains. 1 feel, however, and 
tins is strictly a ixusonal opinion, that if the InstituU^ is to be really useful to 
tlic Nation, the membership should be increased to at least 300, so that younger 
men of promise who have otherwise to wait for a long time, may be early 
admitted into the Institute — for, without aooession of fresh blood, there can 
be no strength. 

After two years of work, I am glad to lay down my office and hand over 
the charge to Brevet*0ol. R, N, Chopra, one of the leading medical men and 



ANNUAL ADDRESS 


23 


pharmacologists of India. It is well known to you that as Director of the 
School of Ttopical Medicine, Calcutta, Col. Chopra has built up a fine school of 
Research and as President of the Drug Enquiry Committoe he has rendered 
unique sorvioes to tlie State. His original works and treatises on Indian 
Drugs have made him an International authority on the subject and I hope 
that under his distinguished guidance, the National Institute of Sciences will 
continue to make steady progrt^ss and achieve the ideal for which it was 
established. I wish also to thank my colleagues, the two Secretaries, 
Drs. Agharkar and Heron and our General Editor, Dr, Baini Prashad, for the 
loyal co-operation which 1 received from them. We worked like a team and 
I am glad to report to you that for the last two years there has not been a 
single occasion giving rise to any difference of opinion auiongst us or fostering 
any ill-feeling due to (controversial matters. 

Before coming to the subject-matter of my address 1 wish to make some 
general remarks with respect to the future of Science in this country. It is 
probably well known to all of you that there have been three stages in the 
progress of Science in this country. First, duo to the establishment of Scientific 
Surveys of the Government of India during the last century, a measure prompted 
by administrative needs, and second, in the early years of this (?ontury, due to 
the recognition of the different Sciences as subjects of study in the curricula 
of the universities and the starting of teaching universities in which research 
on scientific subjects was recognized to be one of the d\ities of the teachers, 
and lesearch qualifications wore regarded m a requisite to appointment and 
promotion to higher grades. I regret to note, however, that owing to intrigues 
by vested interests, and defects in the constitution, those ideals are being lost 
sight of, nay even abandoned in many of the universities, and some of 
them are being reconverted to the high school stage from which they were 
rescued by the reforms of 1921-22. I give a timely warning, so tliat the evil 
may bo nipped in the bud, before it entirely destroys the foundations of learning 
and scholarship. The time has now come not only to strengthen the Bcicutifio 
surveys and the research atmospliere of the universities, but wo ought to enter 
on a third phase, namely, scientific research should now be applied for solving 
the industrial problems of the country and properly trained scientific men 
should be more largely employed by the already existing industries. 

As you are all aware, last year 1 devoted a large part of my address t o the 
necessity of large scale industrialization of this country for solving the problems 
of poverty, unemployment and defence. It was supposed that the Iiwiian 
public was averse to schemes of large scale industrialization as we find in foreign 
cmmtiies. But lost year’s discussions in the press have shown that this is not 
a correct representation of the public feeling. It is recognized that the problems 
of poverty and unemployment from which the Indian population suffers and 
which make her a bye-word of contempt amongst the civilized nations of the 
world can only be solved if the country plunges with feverish energy into 
schemes for exploiting Hie natural resources of the country and starting large 
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scale key industries. In xny address last year T gave an indication of the 
extremely low level of prosperity in this country. Take whatever modern 
product you like, the miniber of units of electricity consumed, the number 
of radio sets or the number of motor cars used per head of population, the 
quantity of pajxir used, or the numl)er of newspaixers read, we have the same 
story, and it is found that India is about 20f) times behind other countries. 
She is mainly a mass of mediaeval Immanity, without strength or cohesion, 
ready to be exploited by anybody. T^resent-day measures, both Oovernment 
and private, to improve this state of affairs are extremely inadequate. For 
example, if the present policy of the All India Radio is not radically changed, 
we shall take 6,(KH) years to have the same numbfir of radio sets in this country 
})er head of j)opuIation as iii western countries. In fact this observation can 
be generalized. It can be shown with facts and figures that unless thote is a 
fundamental and radical change in policy and in the activities of the ixeople 
and the State, we shall have to wait for nearly 1,0()0 years to reach that level 
of prosperity which is enjoyed in modern times by Kurope, America and 
Japan. It was, therefore, a great relief to find that the President of the 
Indian National Congress, Mr. Subhas Chandra Bosfs declai't>d it as a policy 
of the Indian National (kxngress that there must be a forced march as regards 
policies of industrialization in this country. We hojxe the National Planning 
Committee, which has be^en appointed, will produ<^c a document which will give 
real guidance in this matter to the Indian people, and the National Planning 
Commission will devise ways and means to give effect to the recommendations 
of the Committee. 

II. Solar CemTRoL of the Atmo.sphkhr. 

Jntrodiiction, 

I^et me now come to the scientific part of my lecture. I wish to tell you 
about the Solar Control of the Atmosphere. It is a matter of common know- 
ledge that weather and climate, so important to human life, are completely 
controlled by the Sun. But our ti oublea l)egin when wc attempt to have precise 
knowledge of tlie way in which this control operates. This has Iwn an eternal 
problein with mankind. In ancient communities, there was a profession of 
Weathfer Prophets whose duty it was to foretell and, if jxosflible, to contral with 
magic, the weather. Such was the importanc»e attaxihed to the office that a 
successful rain-maker was very often asked to rule over the tribtL But when 
ho failed, as he must have done frequently, he was sacrificed befon^ the altar 
of the tribal god. In later times, the office was transfewed to Astrcilogers wh<i 
are still found in many parts of the world issuing weather forecasts for the 
year. Scientific study of weather and climate dates from the time of the 
discovery of the barometer by Torricelli^ but from the very nature of things, 
early meteorology could not find out a Newton, and it was reidized that 
meteorological data must be patiently oolleoted, classified and analyzed by a 
world*wide survey, before we can have any inklin g of the seorets <rf tlm very 
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puzzling complex of phenomena presented by Meteorology. For this purpose, 
Meteorological Surveys have bt^eii organized almost by every State, and a 
system of short and long range forecasting has boon undertaken. But short 
range forecasting owes, whatever success it can claim, more to powers of quick 
transmission of news rendered possible by modern discoveries in Physit^s than 
to any profound insight into the nat\ire of tlie problems involved. But what 
would really benefit mankind is a system of successful long range forecasting 
six months or at least 10 to 15 days ahead. It is well known ihot the meteoro- 
logist has not succeeded in this task because the problems confronting him arc 
too intricate and he has to <leal with a largo numlier of complex factors. I 
must not, however, forget to mention that within ree>eiit years, Franz Baur in 
(iermany, and Mnltanovsky in Russia have devedojxMl methods for meditnn- 
ratige Ibr'ccasting whi<!h have attained a eertain amount of success. Their 
methods are baw*d on combination oi Synoptics and Statistics, and in F'ranz 
Baur's method, atmosphcTi(t conditions at a height of 5 kms. at any time are 
supposed to (‘ontrol ground weather for the next 10 days. But no physical 
basis has yet been found w^hy this should Ix^ the case. 

Tt would probably be considered sirauge that in spite of the grtuit accretion 
in our knowledge of physins, and in spite of the large number of qualified men 
employed in the study of meteorology, we should be forced to admit that 
success still eludes us, Pi'obably one of the reasons is, as one great Physicist 
onot^ told the present writer, that meteorology has not yet engaged the attention 
of a Newton, or as 1 may add of a Bohr or Heisenlx^rg. Another reason appt^ars 
to me that the meteorologists long confined themselves to ground phenomena 
and neglected the Upper Rt^gions. It is true, that in recent years, up|K>r air 
surveys have IxH^n rec-eiving greater and greater attention. There are the spe<^- 
tacmlar stratospheric flights, exploration of the Upper Atmosphere by Radio- 
meteorographs— instruments carried in balloons which signal by radio weatlu^r 
(conditions up to heights of 30 kms. 

It is usually thought that ground w^eatlwu* is (H)n trolled less by the 
interaction of solar radiation on the atmospheric gases of the sun, than by the 
direct heating of the surfaco of the earth by the solar rays. But in the light 
of the discovery of the stratospheric region towaids the tmd of the last 
(century, and plausible influence of up|X‘r air movements on ground weather 
possibly the upjxn- air studies have been too much neglected. In view of the 
pros})eetive use of the HtratoHpher*e for air-travel, and the use of the still higher 
I'egion for radio propagatioh, probably the need will soon bo felt for a l)ettor 
knowledge of not only the stratosphere, but also of the still higher regions. 
Here photochemical action of solar radiation on the atmospheric gases plays 
the chief part. For studying these reactions, we must have a good knowledge 
of the radiative properties of the sun, but it is not usually realisted how 
defective and imperfect our knowledge in this respect is. We have not, as 
yet> a comprehensive knowledge of the reactions produced by sunlight on the 
constituents of our atmosphere. 
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Ths Ozom Screen, 

The Bun is regarded usually as a black body at 600()°K. But it 
has been known for a long time that this is only a first approximation. We 
find Bcveral very glaring deviations from the black body curve. Even after 
allowing for loss by absorption and scattering by the atmospheric constituents, 
we find that the cniissivity of the sun cannot be referred to any definite 
t(unperat;ure. Our knowledge is particularly defective in the ultra-violet 
region because the solar sjwctrum is abruptly cut off below A 2900 A. This was 
regarded as a great puzzle by the earlier workers. In 1881 Hartley showed 
that this abrupt termination of the solar spectrum is due to a small amount 
of ozone present in the atmosphere. Ozone is not distributed according 
te the laws of liydro-statics as in the cane of the other gases, but was shown 
by Fabry and Buissori in 1913 to bo localized in the upper regions. 
Interest Iras now shifted to an actual determination of the total amount of 
ozone in the atmosphere, its variation with altitude, season of the year and 
the time of the day. A successful carrying out of the programme involves a 
wmrid-wide survey w hich has been initiated by Dobson, (Icitz and Meetbain, and 
is iKiing carried out in different countnes of the w'oiid. But what is most 
surjirising is the extremely small amount of ozone which is I'esponsible for the 
conifilete obliteration of the whole solar sptH?tnim between A21K)U A and A 22(M) A. 
The amount is found to be not more than *3 cm. of the gas at N.T.F, spread 
over the atmospheric hiyer from 20 km. to 50 km., and having a maximum 
density at about 30 kin., but the amount undergoes variations which are clearly 
connected with meteorological conditions. The ozone itself is not an original 
constituent in t he sense that Og or Ng are, as in that case, instead of occurring 
at a height it would have settled down at the bottom, but this is not the case ; it 
luis been found that O3 is produced by the photochemical action of sunlight 
on the oxygen of the atmosphere in a way which is not yet completely elucidated. 
But this small amount is sufficient t-o cut off the whole amount of ultra-violet 
light l>elow A 3(MM) A. In a sense this is lucky, as otherwise sunlight woxild have 
liad a very harmful action on living matter on tlie earth and probably would 
have madt5 life very trying, if not impossible. 

Above the Ozone Screen, 

Supposes we can push above the ozone sertjen. What would the spectrum 
of the BUT) bf' like ? Huch a feat does not apjjear te be quite impossiblo. In 
fact ,, Regener, to whom the world is indebted for the cosmic ray exploration of 
the Upper Atmospheric sent up in his sounding balloon an automatically 
working spiH’trograph to a height of about 30 km. and secured the spectrum of 
the sun from this height. It was found that the ultra-violet 'limit is slightly 
pushed down and a much smaiJor time is needed to secure the solar spectrum 
at A 2900 A. It is quite possible, ae was suggested by the present author in a 
Harvard Bulletin three years ago, that in the future automatically working 
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quartz or fliiorit-e spectrograph r would bo regularly sent up in balloons up to a 
height of 50 km. and the spectrum of the sun below A 3<XK) A would be secured. 
Such woi k will greatly odd to our knowledge of the radiation from the sun in 
this region, which is subject to greater fluctuations with disturbances on the 
sun than the spectral region directly accessible, and thus entirely set at rest 
apeeulation regarding solar radiation in this otherwise inaccessible region, 

Aurora : Active Bun, 

But as long as such direct evidences are not forthcoming, it will l>e necessary 
for us to obtain conclusions frojn indirect sources. These Jire the phenomena 
which are observed in the part of the atmosphere above the ozonosphere. This 
region does not contain more than 2 per cent of the total mass of the atmos- 
phere, but it is found to be as much crowded with interosting ])henomena, nay 
even more than the 98% down below. Amongst these phenomena, the best 
known is the Aurora or the polar lights which are familiar to the dwellers 
of the noHhern regions which suffer from a long winter night. The sky is 
frequently illuminated in these regions by brilliant fiaslies of light and these, 
natirrally enough, liave engaged the attention of generations of Scandinavian 
physicists, Birkeland in the early part of this century, Storiuer, Vcgaid, 
Rosseland and their pupils at the present times. Even before systematic 
studies were started it was found that the ot^currence of these northern lights 
was subject to solar control. It was found that the brilliancy and frequency 
of thest) auroral lights were not cjonstant from year to year, but varied in the 
same way as the spots of the sun ; the period being nearly 10*32 years, roughly 
known as the 11 year period of the sun. 

The close rx)nnection l>e tween sunspot activity and the occurronc^e of 
nurora led Birkeland to the view that auroral phenomena wore probably duo to 
injection of streams of electrons coming straight from the sun in a narrow jet 
into the atmosphere of the earth, a view which he further confirmed by 
laboratory experiments repeated in recent years by BrOche. The streams, on 
their entry into the earth’s atmosphere, aie deflected by the magnetic action of 
the earth’s field and are focussed round about the magnetic pole. The com- 
plete mathematical theoi^y of the orbits of electrons in the earth’s atmosphere 
has been worked out by St<)rmer, in several important treatises, Paulsen, on 
the other hand, thought that the swarm of electrons, wliich produces the aurora, 
does not come direct from the sun, but is produced by ultra-violet rays of 
the sun acting photochernically on the constituents in the upper atmosphere. 
This theory has been worked out in grtmft detail in ret^ont years by Maris and 
Hulbmt and supported by numerous cogent arguments. The great difficulty 
of Stdrmer’s explanation is that according to his theory, the region of maximum 
occurrence of aurora would be a region about 2 to 3*^ round about the magnetic 
pole, while actually the zone of maximum occurrence forma a girdle of about 20'’ 
radius about the magnetic pole. Further, as Hulburt noted, the electron- 
projection theories are mostly geometrical and do not attempt to go into the 
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physicfi of the problem. For this, we must turn to an examination of the 
spectrum of the aurora which has been carried out for a long time by Vegard, 
Stiinnor and others. The most important line is a green line, the origin of which 
was unknown for a long time. As it apparently occurs at a great height of 
the atmosphere, at first sight it appeared that it must be due to a gas which is 
very light, even lighter than hydrogen. This hypothesis was rendered necessary 
because hy<lroflynamical calculations showed that with reasonable assumptions 
about the tenipfU’aturc distrilnition in the tipper layers of the atmosphere, there 
would be very little of the heavier gases loft at heights of about 200-300 kms. 
in the regions where the aurora appear. In fact, there would be scarcely a 
single molecule of nitrogen or oxygen in a cubic centimetTO. The vip}>er 
atmosphere would consist entirely of light elements like hydrogen and helium. 
But surprisingly enough, neither the green line nor any other auroral lines 
(oulfl lie ascribed to either hydrogen or helium; hence we must exclude the 
possibility of the existence of those elements in the upper regions. This green 
line was therefore ascribed to a hypothetical element even lighter than hydrogen, 
called Geooonmivim by Wegener. But when Moseley definitely proved that 
there was no place for such an element in the Periodic Table, it was found 
nocessary to look for the origin of the lines from amongst the known elements. 
After an epic struggle, the line was traced, chiefly due to the efforts of the 
late Sir John MaoJjemmn, to the old familiar oxygen atom, in a peculiar state 
of excitation. The reason why this identification was not made earlier is that 
the line does not occur in the ordinary discharge spectrum of oxygon. It is 
given by the oxygen atom when it is in a metastable condition, by what is 
known as the forbidden transition from one metastable level to another. 
Though the subtility of the origin of the line, and its implication, can only 
realized by one having an intimate knowledge of spectroscopy, the 
discovery shows that oxygen, contrary to hydrodynamioal conoeptioiw, 
is present in the auroral regions (80 km .-400 km.) in the atomic state and in 
a |N)ouUar staU^ of excitation ; a closer examination of which alone can lead us 
trO a. knowledge of the peculiar physioal conditions prevailing in this region. 

Further examination of the spectrum of the aurora reveals lines whidi 
have iKsori identified with those of ionized nitrogen and neutral nitrogen 
molecuilt^. Eeijently Kaplan has imported a forbidden line of atomic nitrogen. 
Befon^ we turn to an examination of the sohir control of the aurora, let uw 
(consider another associated phenomena. 

Night Nky Phewmiewi : Quiet tSun , 

But it is not merely the region round the magnetic poles which shows 
such unexpected behaviour. It has been well known that if om observes the 
sky from the countryside far away from the city lights at the dead of tdght, 
the starless parts of the sky do not appear to be absolutely dork, as <«ie 
finds when one is placed in an absolutely light«^t%ht dbamber, but* appear 
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to posAOBS oonsiderable luminosity. This must originate from the upper 
regions of the atmosphere, even at stations far removed from the magneiir- 
jKjles; hence the luminosity must 1)6. due to some other mwae besides artihciHl 
stimulation by electrons which give rist^ to iiurora. An examination of the 
sfjectnwn of the luminous night sky carried out at difierent regions of tlu^ 
world itjveals vei*y interesting information. It shows the same green line of 
oxygen and cm-tain other band lines which have been identified with those of 
nitrogen. There is, however, one important different between the syjectrum 
of the night sky and of the aurora. In the latter, bands due to ionized nitrogen 
predoniinate and the lines due to uncharged nitrogen molecules aiv very 
feeble. The reverse is the case with the spectrum of the luminous night sky. 
Here the negative bands are faint and sometimes even absent, wiiereas band 
lines due to neutral nitrogen molecules arc extremely strong. The origin of 
the lumineseent night sky must be traced to the fact that at these heights 
sunlight is absorbed by the atmospheric gases in the daytime and stored in 
some way to l>e re-emitted at night. A closer examination of the phenomenon 
therefore promises to throw much light on the natun? of the solar ra<Hation, 
because the night sky phenomenon can bt) due to no other cause exciept the 
action of the ultra-violet rays of the sun below A 2(KX) A on the constituents of 
the upper atmosphere. 

From the above short account, it will be (jloar that tlie luminescent night 
8ky,^and the aurora, both represent optical excitation of the constituents of the 
upper atmosphere, but under different conditions. The former is a purely 
photochemical excitation, by a normal sun — the latter is due to an active sun, 
and further complicated by the yicculiar way in which optical excitation 
is provided through electrons which, according to one view, come directly 
from the sun, but according to another, are photoelectrically liberated in 
the outer regions of the sunlit part-, and are deflected by the field of the 
earth towards the magnetic poles. It will be seen tiiat all upper atmospheric 
phenomena, electrical as well as magnetic, can be divided into these two main 
categories, as shown in the table on the following 

Terrestrial MagneMsm arid its mriatim. 

The solar control of the magnetic field of the Earth is illustrated by 
disturbances of two types— 'an erratic one called Magnetic Htorms, first observed 
by Cehdus in Sweden as early as 1741, who found that the coming of the aurora 
wa« heralded by a oestain amount of restlessness of the magnetic needle ; the 
Magnetic Storms have since been mudi studied and have been found, in general, 
to occur in greater intensity and frequency simultaneously with periods of 
solar activity indicated by sunspots and aurora. But though correspondence 
between the two sets of phenomena has been established in a general way, 
indiTidual oortespondenoe has not been established, i.e., every big spot has 
not been ibt^ to be aasooiated with large scale auroral displays or with 
li^ Magnetic Storms. 
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TabI-b. 


Sun. 

Quiet. 1 

Active. 

Erratic. 

Long Period 

Klevon year IWiod. 

Variations. 



Spots, Faculce, 
Prominonccft. 

Bright Erup* 
tions. 

SO, 000 years. 

'I'otal Uttdia- 
iton. 

1-92 cal/per cm*/ 

HOC. 

1-92 + ‘0007 
(sunspot no.). 



Optical 

Luminous Night* 
Bky. 

Aurora. 


- 


8olar and Lunar 
I'erms i n 

Variation of 
T 0 r r 0 ft t r i « 1 
M a g n o t i c 
Klcmentft. 

Magnetic Storms. 

Magnetic pulses. 


Radio 

Ki™r(jgion, 

Fj — region (day), 
Kg region. 

General 
strengthening 
of ioniauUion, 
0, D and other 
(occasional layer 
formatioiiM. 

Radio Fade-outs 
(short and 

nmdium waves) 
Btrengtheniiig 
of long wav(^ 
and Atmos- 
pheric! r(*(wp* 
tiou. 


EkKitrical. 
Lower At^ 
mosphore. 





Climatic 

Y 

? 


Glacial and 

Interglacial 
epochs. 


The second type of disturbance of the magnetic needle is of a more regular 
nature and shows a diurnal and a monthly period. At sunrise, the N,S.P. of 
the needle is slightly east of its position; at noon, it points approximately to 
its mean position, towards sunset it moves to the west, and regains the mean 
position again at midniglit. 

A Gaussian anal)r8is of these types of disturbances showed that they 
originate in the Earth’s atmosphere and the first explanation was given by 
Balfour Stewart about 1860, and considerably extended by Schuster, The 
theory conceives that the daily disturbances are caused by horizontal move- 
ments of electric currents in the upper atmosphere across the vertical component 
of the Earth’s magnetic field. The nature of these currents oould not be 
explained at the time, but after the discovery of the electroil, they were 
naturally ascribed to movements of eleotrons^ and detailed theories of diuly 
variation of magnetic elements were worked out hy Ohapman and others. 
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The Ionosphere. 

The idea that there are charged particles moving in the upper atmosphere 
was rescued from the cold storage into which it had fallen in a rather romantic 
way, when Marconi in 1898 succeeded in transmitting electromagnetic waves 
from England to America. When the result was communicated to the Royal 
Society, Lord Raleigh very pertinently remarked that the waves could not have 
travelled in a straiglit line, as there are hundi’cds of kilometers of solid obstacle 
presented by the curvature of the earth when the two stations are connected by 
a straight line. They must therefore be guided along the surface of the earth, 
or got reflected from the upper atmosphere. To explain this difficulty, 
Kennelly and Heaviside almost simultaneously about thiee years later proposed 
that tlie upper atmosphere contains a number of free electrons which form a 
sort: of metallic shield about the earth, reflecting the wireless waves and 
til us keeping them confined within a narrow shell about the earth. 

The prediction was at that time in the nature of speculation but success 
of wireless propagation and the fact that all other alternative explana- 
tions were found either useless or insufficient showed that the hypothesis 
of the existence of the ionized layers higher up in the sky was one 
in the right direction. Precise theory has evolved as a result of successful 
refinements by Eocles, Ijarmor, Appleton and others. At the present time it 
is known that the electrons which act as reflectors of the wireless waves are 
stratified in difTerent layers of which two are permanent. They are known as 
the El which is at a height of about 100 km., and discovered by Appleton 
in 1923, which is at a height of about 200-250 km. Methods have now been 
perfected for finding out the rught and day variation of the heights of these 
layers, their maximum electron concicntration and variation of these quantities 
during the hours of day and night and also during the whole year. In 
addition to these permanent layers there are subsidiary ones, of which mention 
vrill be made later. 


Source of free electrons : Photo-ionization, 

We can now ask ourselves about tbe origin of these electron layers. Here, 
08 in the questions about the origin of the aurora, there were long controversies 
whether these layers were formed by electrons coming direct from the sun as 
originally proposed by Birkeland, or were they due to electrons liberated by 
the ionizing action of* ultra-violet sunlight. The question was answered in a 
decisive way by observations of the density of electrons during the total solar 
eclipse of 1932. These showed conclusively that at least in the E and Fi- 
regions the electrons were piroduoed by the ultra* violet sunlight because, during 
the instant of totality as soon as the light was cut off, the density of electrons 
fall to a veiy small value. It is therefore clear that the production of electrons 
in the E and Fp regions is entirely controlled by the sun, through its ultra- 
violet radiation. 
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A thermo-dynaraioal theory of ionization of the upper air constituents by 
the ultra-violet rays of the sun was worked out in a general way six years before 
the eclipse observations gave a cltMir reply to the (sontroversy by Prof. 
Pannekoek of Amsterdam in lU2(k In 1931 Prof. (Chapman, following an 
earlier work by Ixjnard, worked out a tmithemaimd theory of the production of 
electrons by immochromatic light which cuiabled one to obtain a fonnula shoA^ing 
the variutuui of elci^trou eoiu^entration with the zenith angle of the sun. We 
have here the gases constituting the earth's atmosphere, which are being 
traversed by the rays of the sun at varying angles. The rays produce? the 
dissociatif)!! of moletailes into atoms, and ions and electrons. But these processes 
ea.nnot go on unchecked, and the free ions ami electrons recombine producing 
again neutral particles and sometimes the electrons attach themselves to 
elements having electron affinity and form negative ions. 

The general theory of ionization of the atmospheric! constituents by suuliglit 
was worked out by Pannekoek by extending the theory of Thermal Ionization 
given by the present author six years earlier with the aid of a modification 
proposed E, A. Miiue for the case when the temperature of radiation is very 
dift’erent from that of the gas traversed. Pannekoek calculated the equilibrium 
numl:>er of electrons prod u (ted by the sunlight from nitrogen, oxygen and hydrc>- 
gen molecules making certain plausible assumptions rctgarding the quantities 
which are neetled fur the <jal(!nlal.jon. These arc the ionization potentials of the 
molecules and the elements, the temperature of the sun regarded as a black 
body, and the tenijwrature of the upper atmosphere. The values adopted 
for all these quantities were rather rough, but nothing better could be done at 
that time. Pannekoek was, however, able to show that the number of electrons 
obtained from such calculations and the height at which the maximum eon- 
centration occurs was in rough agreement with the number obtained from the 
ionOspherit! exjjeriments. By 1931 much more was known about the 
ionosphei-c, e.g., thcTO was, thanks to the work of Appleton, Nichols and 
Schelieng, Gilliland and Kirby, precis© information regarding variation of the 
maximum number of ele(*trons in the E and F-Jayers, during hours of the 
day, with season and latitude, and to account for these Chapman worked out 
in greater detail the variation of the number of electrons produced by a mono- 
chromatic beam of light when the rays of the sun fall at different slanting 
angles and was able to show that his conclusions were in substantial agreement 
with the results just mentioned. Ghapman’s theory is, however, severely 
mathematical and he hod to assume ^at the equilibrium is of the uni- 
component type, that is to say, the electrons are produced from one component, 
my from the nitrogen or the oxygen molecule or the oxygen atom, and the 
electron produced combines with the ion of that component alone. But on 
account of mathematical difficulties the theory, although in a position to 
explain the results of observations for the E and F-regiotts rou^ly, did not 
enable him to make any calculation of the actual number of electrons produced 
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aa Pannekoek had done. In fact, the two theories existed side by aide, and 
no connection was shown between them. 

This fact and the arbitrary assumptions regarding the values of the 
ionization potentials, and of the values of the absorption coefficients of the 
photo-ionizing radiation made it extremely desirable that the foundations of 
both the theories should bo further critically examined. 

A beginning in this direction has been made by the author and R. N. Rah 
It is a re-working of the Pannekoek theory, since they found that the 
Chapman tlieory was implicitly contained in the fuller theory of Pannekoek. 
But they have shown that a satisfactory theory involves accurate knowledge 
of many factors, such as absorption coefficient, ionization potential, etc. 
Some of these, e.g. ionization potentials which were roughly known when Pan- 
nekoek gave his theory, had been more precisely determined by 1936. But a 
knowledge of l.P. alone is not sufficient, as information must be available 
regarding the intensity and variation of the absorption coefficient of these 
radiations with frequency for atmospheric constituents, atoms or the molecules 
concerned. The necessity of this was not realized before, but as the height of 
maximum ion-production varies inversely as tq, the maximum absorption 
coefficient, the importance of determining accurately the nature of t(v)>-v curves 
becomes apparent. 

The previous workers had used for this purpose a formula given by Bframers, 
which was deduced on the basis of the old quantum theory for explaining 
the absorption of X-rays by matter. But, as Rosseland remarked, the useful- 
ness of the formula was over-stressed, and even in the case of hydrogen, where 
it is most expected to hold, Leigh Page has recently found the formula defective. 
The best course would have been to obtain the nature of T(t')-v curves from 
actual laboratory experiments, but obviously such experiments can be carried 
out only for Og and Ng, and it cannot yet be seen how they can be carried 
out for 0 and N -atoms. Even in the case of molecules, the experiments are 
very difficult, and complicated by other phenomena. But such experiments os 
exist (e.g., those of Hopfield and Takamine) and their theoretical interpretations 
show that for each of the Og and Nj-molecule, two types of ionization exist — 
first, a teebie one, caused by a forbidden electronic transition, and the second 
one, caused by an allowed transition. The r-values for the two processes 
are entirely of a different order, the second process being at least 10^-times 
more intense than the first. 

A tentative wave-mechanical theory for photo-ioidzation of atoms like 
O and N can be worked with some effort, but it appears wrong to utilize the same 
or a slightly modified formula for molecular photo-ionization. It is rather 
surprising that no th^ry of photo-ionization of molecules has yet been 
attempted. A beginning in this direction has been made by B. D. Nagehowduri 
and K. M. Bose for Hg, but the oases of O 2 and N 2 present almost insuper- 
bMb mathematical difficulties. In this connection it may be noted that the 
r(r)^ curve does not begin with a maximum at the minimum photo-ionizing 
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frequency, but in reached at Bome dietanoe, dej)ending on the valuee 
of the nuclear disttiuees of the atom, and the ion reBpoctively. Further, 
the curve is not Boiooth like that of the atomic photo-ionization curve, but is 
broken up at pointH r = where w i» the frequency of vibration of the 

ion, and n is the number denoting the ui)per harmonic. 

It will }X)SBibly take some time before such curves, so much necessary for 
calculating ionization of the upper atmosphere, are accurately determined. It 
is, however, pleaBant to notice that Takamine has ah*eady started such experi- 
ments, and obtained a certain amount of verifit^ation for ionization of the H 2 - 
molecule by neon-light. 


Fornuiiion of Electron Layers. 

An unexjMjoted result, which comes from the revised Pannekoek theory of 
ionization, is a successful explanation of electron layer formation, which was 
originally attempted by Lenard and moi*e fully from the mathematical jwint 
of view by Chapman. They showed that if nmiochromatic light is absorbed b 3 ^ 
atmospheric constituents with liberation of electrons, the constituents being 
assumed to be distributed according to isothermal equilibrium, a layer of 
electrons is formed in the regions where absorption takes place. The electron- 
density attains a maximum at a certain level, where the pressure is proportional 
to Mg/ro, and falls ofiF nearly parabolically on lK)th sides. The half width of 
kT 

the layer varies ^ usually known as the height of homogeneous 

atmosphere. This theory was roughly verified by investigations of the form 
of the lower side of the E^-layer and the F| -layer. It appeared that to explain 
the form of the -layer, it has to be assumed that H is small, of the order of 
ltt"15 kins., while that of the Fi-layer is about four times as great. These 
might be ascribed to the fact that the temperature of the Fj -region is, according 
to some workers, about four times larger than that of the E-regJon, but if the 
Fj-region is due to ionization of the oxygen atom, as suggested here, we need 
not make the temperature four times larger than that of the E-layer, A 
temperature double that of E would do. 

But apart from other difficulties Chapman’s work was insufficient in 
one respect, namely, that it was proved only for monochromatic light, whereas 
actually if we suppose the sun to be a black body at 600()®K the ionizing radiation 
should consist of the whole spectrum beginning ftom a certain limit and 
extending indefinitely towards the ultra-violet. It could not be seen off hand 
if ionization by such a spectrum would not destroy much of the properties of 
the layer. But in the revised theory^, it so happens, and it is a rather unexpected 
result, that even contimious spectrum produces a layer very much tdmilar to 
the simple one made familiar by the work of Chapman. It must be admitted, 
however, that the form of the layer depends to some extent on that of the photo- 
ionizing absorption curve, which is not yet known for the ionization processes 
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actually occurring in the atmosphere but is only deduced from a plausible 
theory. As long as this is not known, it is of course not possible to give further 
precision to the theory, but approximate values of electron concentration can 
be obtained with the aid of some plausible assumptions regarding the radiation 
from the sun and the temperature of the Upper Begions. 

These considerations, therefore, lead us to the conclusion that the different 
stable layers as observed in the ionosphere are due to ionixation, by the appro- 
priate solar radiation, of distinct constituents of the atmosphere, viz. Ng, 
Og, N, O, the maximum pf the layer occurring at the height where total absorp- 
tion of ionizing radiation by the particles reaches its maximum value. We 
may proceed to identify the processes. The Ei-Jayer must be due to a process 
of ionization which is effective only at a height of 1(K) kms. As the amount 
of gaseous oxygen and nitrogen molecule above this height is of the order of a 
few cms., the radiation which causes E-Iayor ionization should be such that it 
can be traixsmitted through a few eras, of nitrogen and oxygen gas at N.T.P. 
These considerations x^rove that the E-layer is probably formed by the first 
process of ionization of Og and Ng at 12*2 and 15*5 volts. The pressure 

at the ajxsx of the layer is given by Now for an allowed transition, 

To is of the order of 3 x 10* ; for a forbidden transition it may be taken to be 

lO^-times smaller, say 10 " then get P *= 10“ 2— 10*3 of mercury. 

This is just the pressure in the E-layor. The Fg-layer, on the other hand, should 
bo due to ionization by radiation which can be stoj)ped by about a thousandth 
mm. of the gas, because at a height of 200-~250 km., where this layer is formed, 
the amount of gas lying above cannot exceed this amount. We can easily 
link up this fact with the second ionization of Ng and Og which gives rise to 
excited Og^ and Ng+, because the ionization occurs with an intensity which 
as mentioned before is about 10,000 times stronger than the first ionization. 

The pressure, calculated from the formula P:e:^ is of the order of 10 « to 

10-7 nim. which is of the order of pressure at the F-layer. The Fi-layer is a 
purely daylight phenomenon. It is found that the night F-layer splits up 
into Fi and Fg when the sun is sufiSoiently high up in the sky and towards 
nightfall, when the sun's altitude has fallen, Fj and Fg unite to form one single 
layer. The Fj-layer is therefore a purely daylight phenomenon and is probab^ 
ly due to an extra |ut>oe66 besides ionization which is operative only during 
daytime. All the . available knowledge supports tlie view and this has 
also been mathematically demonstrated by ]>r. B. C, Majumdar that during day- 
time the oxygen molecule probably completely dissociates into atoms at a height 
of about 200 kms. on aocomit of absorption of radiation between the wave- 
lengths 1750 A and 1300 A, a process which has been very thoroughly studied 
in the laboratory by Ladenbiirg and Van Voorhia. P, the pressure at which the 
maximum absorption of this radiation occurs, is of the order of 10*^ to 10*® mm. 
of mercury and hence it is between the E- and F-layers, The electrons which 
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give rise to the Fj -layer most be^ due to further ionization of the oxygen atoms ^ 
so produf^ed during daytime. At night time or when the sun is sufficiently 
slanting, probably most of the oxygen atoms at this level would recombine to 
form molecules and theiefore the Fj -layer will disappear, as there are not 
sufficient oxygen atones to be ionized. 

The F^-layer. 

This explanation may appear to bo apparently at variance with certain 
other observations, for example, the anomalous behaviour of the F 2 dayer. 
It has been already remarked that the formation of the Ej- and Fj -layers follows 
solar control and it demonstrates approximately the validity of the theory of 
photo-ionization by sunlight and theory of recombination as in a unicom- 
ponent system. The concentration in these layers attain a maximum at about 
noon and follows the fourth power of the cosine oi'the sun’s zenith angle, a result 
which can be deduced from these theories. The seasonal variation is also 
in accordance with the theory of solar control. But not so with the Fg-layer 
for which maximum concentration is found to occur for Slough in summer at 
about 9 — 10 A.M., is followed by a minimum at 2 p.m., followed by a maximum 
at 8 and a pronounced minimum at 3 a.m. Even during winter, though 
a midday maximum is obtained, them is an unaccountable smaller maximum 
at midnight. For other latitudes as well, the btdiaviour is anomalous. During 
total solar eclipses, the F 2 - region ionization appears to remain unaffe<!ted. All 
these and other facts show that either the solar control, theory is insufficient 
for this region, or in workitig out the theory^ of photo-ionization we should 
not regard the system to be a uiiicomponent one. Probably in the Fg- 
region the pressure is so low that coUisiou between the electrons and ions 
must be extremely infrequent, and neutralization takes place after intervals of 
the same order of magnitude as the day : hence the equilibrium theory has 
probably to be oonsiderably modified. 

It must not be supposed that even if we except the highly perplexing 
featums of the Fg-regiou, the theory of solar control can explain all the character- 
istics of the ionosphere. liather puzzling is the persistence of ionization in the 
E-region at night. According to the solar control theory, the E-region should 
entirely disappear as soon as light is withdrawn bei^iuse in this region collision 
frequency is quite large {10^ in a sec.) and recombination must be very quick, 
but we find tlrat tliere is residual ionization, about l/20th of the maximum 
amount, which is present throughout night. It does not appear probable that 
this is due to positive ions. We must therefore suppose, as Martyn and Pulley 
have done, that at night there is probably some mechanism at work by which 
fresh electrons are produced. It is not improbable tlmt a neutral molecule 
colliding with a negative ion might knock out the electron, and supply the 
electrons necessary for maintaining the residual E-layer at night. 

A complete theory of the various puzzling ionospheric phenomena will 
probably take years of work. Much depends on the correct intexpretation 
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of the results obtained by the method of reflection of radio waves from the 
ionosphere. It must not be supposed that the magneto-ionic theory of 
propagation of e.m, waves which is now holding the field is infallible. 

Radio Fade-outs. 

Probably the solar control of the up})er atmosphere is nowhei‘e more 
strongly illustrated than in the phenomenon of Radio Fade-outs, which has 
been studied in recent years as an international programme by a number of 
workers in Euro}>c and America, particularly by Dellinger in the U.S.A. and 
Jouast in France. It was observed for some years that sometimes radio 
signals which were being usually received from a distant station suddenly 
stop and the normal conditions are obtained after a lapse of time which extends 
usually over a few minutes. Observations showed that many of these sudden 
radio fade-outs were simultaneous with the a])pearance on the surface of the 
sun of small bright patches of intense white light observed by C^arrington as 
early as 1859. Sjwctroscopic observations carried out at Mt. Wilson and 
elsewhere showed that these patches emit- the Balmer lines of hydrogen in 
groat strength. From the international programme carried out by l>ellinger 
and Jouast it was found that the phenomenon is tjonfined only over the sunlit 
part of the globe and the interruptions were simuItuTieous over different 
parts of the earth within the sunlit regions, and that the sudden stoppage 
was connected with intense ohromospheiie eruptions, though all eruptions 
did not give rise to radio fade-outs. Further investigations showed that 
neither the ioiiizafion nor the height of the E- and F-layers was very much dis- 
turbed during these sudden radio fade-outs. The cause of the disturbanctj 
must, therefore, be sought below the E-region or in an intense transitory 
ionization of the regions below E, which is sometimes oallod D by Appleton. 
This is further confirmed by an increase in intensity of long-distanc<^i radio by 
means of very long waves during radio fade-outs, which refer only to short 
and medium waves, because long waves are reflected from the low, i.e., D-layer. 
Further, the radio fade-outs are accompanied by magnetic disturbances of 
short duration, which are strongest over the part of the globe directly under 
the sun at the time of the eruption. This shows that the small patches 
send out flares of ultra-violet light which produce intense ionization of the 
region D. 

Let us see how this flare works. The great strengthening of the hydrogen 
linos is merely a token that something unusual is happening on the sun* 
Spectroscopy tells us that when the Balmer lines are emitted in great strength, 
the Lyman lines would in fact be far stronger, but it can be shown that neither 
the Balmer lines nor the first two Lyman lines can produce any ionization in 
the atmosphere, because the amount of energy they carry is below the critical 
limit required for ionizing any of the atmospheric constituents. It is only the 
third Lyman y and the subsequent lines which can ionize O 2 taOg+ by the first 
process of ionizatipn which, being feeble, can pnetrate to lower levels, This 
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is also confirmed by the exjjerimcnt of Takamino and Suga who found that 
the and lines can be transmitted in undiminished strength through thin 
columns of Og, but the slightest trace of 0^ obliterates Ly. There may be, 
besides, radiation of other elements of approximately the same wave-length and 
they will reach the D-level which contains, above itself, nearly 11 cm. of and 
0 67 cm. of 0^ at N.T.P. The above is only a suggestion. The particular part 
of the solar spectrum which is responsible for the extra ionisfiation in the D- 
layer will be only found out after extensive research. But the phenomenon 
illustrates that even transient disturbances on the surface of the sun find 
their echo on the doings of mankind on the earth, which involve the upixji* 
atmosphere. 

Tentative, theories of the Luminous Night Sky. 

We might briefly pass over the problem of the luminous night sky pheno- 
menon, which has been briefly reviewed earlier. There is no difficulty in 
comprehending that the luminescence of the night sky must be in some way 
intimately connected with the action of sunlight on the constituents of the 
Upper Atmosphere. But the great puzzle is the i)ersi8toncc of the phenomenon. 
Take for example the green line, which is a |)ermanent feature of the night sky. 
We can suppose that tluring daytime, photo-electric action of the solar rays 
decomposes oxygen molecules into normal 0 atoms and excited 0 atoms, and 
the excited ones if they are in the O'So-stato revert back to a lower state giving 
rise to the green line. It must be added, however, that no such photo-electric 
phenomenon has yet been discovered. This explanation cannot hold for the 
night sky emission of the green line, because the life of no excited atom can 
ever be much larger than a second, and henc«5 as soon as sunlight is withdrawn 
all metastable oxygen atoms will promptly revert back to the normal state, 
How does the green line then originate in the night sky ? The only explanation 
which promises a certain amount of success is a theory of recombination between 
ions and electrons, which must be going on when sunlight is withdrawn from 
these heights. At daytime in the F-rogion, illuminated by sunlight the 
upper atmosphere would consist mainly of electrons and ionized atoms of 
O and N and probably also of 0^'^ and N 2 '^. When sunlight is withdrawn at 
night, the electrons will combine with the ionized atoms and molecules. To 
fix our attention, let us take the case of 0+. An electron colliding with it 
may form oxygen atom in the normal state as well as any one of the two 
rnetastable states (O'S or 0'D2). The metastable states, after they are formed, 
win emit the green line or the red line and revert back to the normal state 
after fraction of a second, because they have nothing else to do. This theory 
of night sky luminescence recalls to the mind of the author the stimulating 
theory of Zanstra of emission lines of Planetary Nebulas, all of which are for- 
bidden lines of the type of the green line. This also explains to some extent 
the Height^fTeot of Vegard, who found that the green line is intensified in the 
higher part of the sky. The explanation is that at the lower parts, the O-Bo- 
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atom will collide with other particles and lose its energy by collisions of the 
second type before it has a chance to radiate. The emission of the green 
line is therefore a consequence of recapture of electrons by the 0^-ion, and 
its persistence is due to infrequency of collisions in this region due to small 
pressure. It is estimated that at these heights, the mean free path of the 
electron is extremely large, say about 10® cms., and the velocity is probably 
in the neighbourhood of So there may not be more than one collision 
per second but only one in 10^ gets captured to form an 0'So> or 0 'D 2 -atom. 
These will then have nothing to do except radiate the green or the red auroral 
lines. We can by the same hypothesis explain the absence of the negative 
bands of nitrogen from the night sky Sfiectrum. It is well known that the 
negative bands arise from an excited state of which howcjver can be pro- 
duced by direct ionization of normal by ultra-violet sunlight possessing 
an energy of the order of about 21 volts. Any excited which is produced 
in these upper layers must immediately disappear as soon as sunlight is 
withdrawn, a hypothesis which explains in a convincing way Slipher s observa- 
tion that during the morning or evening flash of sunlight, the negative bands 
of nitrogen are obtained from the upper atmosphere in great strength but they 
disappear as soon as sunlight passes away. At night time therefore the N 2 + 
-ion which remains is non-luminous and there can be no further emission of 
negative bands, unless N 2 +-normal is further activated by electron impact. 
The electrons will combine with this N 2 ^ forming different excited states and 
immediately after the recombination, the excited N 2 will revert back to the 
lower states giving rise to the second and first positive bands and the Vogard- 
Kaplan bands. The persistence of luminosity in the sky throughout the night, 
therefore, seems to be due to the fact that on account of extreme rarefaction 
at these heights, the rate of recombination is extremely slow. As a matter 
of fact even without fresh sunlight, the electrons and free positive ions am 
probably exist for days together, as is shown by the existence of the F 2 -region 
in the jwlar atmosphere, even when these regions are perpetually in the dark 
for days together. 

Astrophyeical Theories of the Sun. 

From the above inoomplete review it will be clear that a correct interpretation 
of the upper atmospheric phenomena suffers greatly from the desiderata that we 
have no direct knowledge of the ultra-violet part of the solar spectrum as it 
would appear to an observer outside our own atmosphere. For our purpose, 
this knowledge is most important because almost all the Upper Ait Phenomena 
are due to the action of ultra-violet light on the constituents of the atmosphere 
and when a disturbance takes place on the sun, it is the ultra-violet radiation 
which is most affected. But question may be asked why not tackle the 
question from the astrophyaical side? As a matter of fket, astrophysicists 
have not been idle, Mention may be made of a famous paper hy Sir A. S. 
Eddington which aimed at giving a quantitative idea of the formation of 
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Fraunhofer lines and its subsequent extensions by Milne, Chandrasekhar, 
Wooley and Stromgren. But if one goes very deeply into the fundamental 
assumption underlying these works, it is found very difficult to be able to 
agree with many of their basic assumptions, e.g. there is no reason to suppose 
that the radiation from all layers of the sun should be black body radiation. 
In fact, the assumption is positively contradicted by certain observations. 
If the tem|)erature of the surface of the sun, which gives us the continuous 
background of light, were 6000' K, it can give us only such absorption lines 
which require moderate excitation and the chromospheric spectrum would give 
us emission lines whose excitation potential should not be greater than 6 to 9 
volts. But it is a well known fact that the chromospheric spectrum of the 
sun gives us the lines of helium requiring an excitation potential of over 20 volts 
and also a line of helium^ (A == 4686 A) which requires an excitation potential 
of about 79 volts. It is therefore clear that the common notion that the 
sun radiates like a black body at a temperature of 6000 °K can only be an 
approximation and a very rough approximation indeed. In fact, the Russian 
observers, Perepelkiii and Melnikov, in a publication from the Pulkovo 
Observatory have shown that the intensity of these emission helium lines is 
almost nil on the limb of the sun, and gradually rises to a maximum at a 
height of 2500 km, in the solar atmosphere and then steadily falls, Tlus shows 
that the mechanism, which is responsible for the emission of these helium lines 
must be very different from what is associated with a state of black botiy 
radiation. We can suppose that the intense ultra-viokjt radiation from the 
interior passes through the upper layers of solar gases, producje ionization in 
these layers and subsequently these ionized electrons and atoms recombine 
giving rise to the intense helium lines which are observed from the chromospheric 
8j»ectrum of the sun but are absent from the Fraunhofer spectium. If the 
lines of subordinate series to which belong most of the helium lines in the visible 
and the He -line A 4686A can come out prominently, it is clear from 
fundamental consideration of atomic excitation that the line of the fundamental 
series A 584 A duo to He, and A 304A due to should come out still more 
prominently. Thus if we could observe the spectrum of the sun in the 
ultra-violet region, probably the principal lines of helium, hydrogen and 
iron*^ and many other elements would be obtained as emission lines. But 
at the present time all theoretical works would be merely speculative. The 
decisive evidence would be obtained if a spectrum of the sun could be 
secured at a height of 40-66 km., i.e„ considerably above the ozone layer. 

Tlie above short review shows that though it is easy to postulate that the 
atmosphere, upper as well as the lower, is entirely controlled by the sun, 
it is very difficult to work out the details and present a complete unified 
theory. For this purpose we must know more about the normal behaviour 
of the sun, as well as of its abnormal behaviour which is manifested in the 
form of sun-spots, prominences, faoulasr, the small patches of intense light respon* 
sible for radio fade-outs* But even this does not appear to be the whole stoiy . 
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Long Period Variation of the Sun, 

In a very thought-provoking paper Sir George Simpeon has pointed out 
that in addition to the short period variation, the sun has also probably a 
long and somewhat irregular period of variation, extending to about over 80, (XK) 
years. He supposes that there is a periodic fluctuation in the amount of radia- 
tion which is emitted by the sun. When the amount increased, it caused on the 
earth intense cloud formation in the equatorial regions, and this, parodoxicrally 
enough, caused intense glaciation over the jK)le8. In this way he has been 
able to explain successfully the occurrence in the Pleistocene age of four 
successive glacial epochs separated by interglacial ones observed in Europ') 
by Penck and Bruckner and connected by the anthropologists with the difFerent 
cultural epochs of Homo sapiens. Possibly the Chellean epoch, when Homo 
sapiens began to make tools and thus lay the foundation of civilization, was 
started by such a caprice on the part- of the sun. It is a thought-provoking 
idea, but the astronomer has probably no chance of verifying it, as neither ho, 
nor the civilization of which he is a bye-product, can hope to exist for 80, (KX) 
years. This short review will, I box)o, convince you that the romance of oiir 
knowledge of the sun is still in the making. 




Symposium on Weather Prediction. 


Under the auspices of the National Institute of Sciences of India, a sym- 
posium on Weather Prediction was held in the Meteorological Office, Poona, 
on the 26th and 26th July, 1938, under the presidency of Prof. M. N. Saha, 
F.R.S. Various aspects of forectisting of weather were discussed at the 
symposium, attention being focussed in most cases on the problem as it faced 
the Indian meteorologist and was attempted to be solved by Mm. Papers 
presented at the meeting concerned long-range forecasting for a whole season 
as develoj)ed in India, medium -range forecasts for 10-day periods as developed 
by the German and Russian Schools, short-range, i.e. day-to-day forecasting 
in India with special reference to the application of air-mass analysis, the use 
of upi>er air <lata for weather forecasts, thermodynamic studios of the atmos- 
phere with special reference to latent instability, rainfall in north-west India 
associated with winter disturbances, weather forecasting for aviation and th(! 
application of kinematical methods to forecasting. 

President's Opening Remarks. 

Prof. M, N. Saha, President of the National Institute of Sciences of Iiulia, 
in opening the symposium, expressed his thanks to all those who had responded 
to the invitation of the Institute to take part in the discussion. He inferred 
to the fascination wMch the art of weather prediction had held out to man from 
the earliest times, to the development of synoptic weather charts in this country 
from the time of Blanford and Eliot and to the subsequent contributions made 
by Indian meteorologists to the art and science of weather prediction, and 
invited Dr, Normand to open the discussion. 

Opening Address^ by Dr, C. W. B. Normandy Director-General of 
Observatories. 

Dr. Normand said: TMs meeting is under the auspices of the National 
Institute of Sciences but owing to its lociitiou here in this office and my asso- 
ciation with the India Meteorological Department, 1 claim Hie privilege of 
offering, on behalf of the Meteorological Department, a hearty welcome to all 
those who have come from a distance to this symposium. 

It is a year and a half since the idea of a symposium on Weather Predic- 
tion was first mooted. At one time the suggestion was made to include it 
in the programme of the Indian Science Congress at the Jubilee Session at 
Calcutta. You, Sir, told me that to the eminent scientists from overseas it 
ought, at least, to prove amusing. To the eminent scientists, who are here 
now, let us hope that the discussions that are to follow will be equally amus- 
ing^-^nd amusing in the good old-fashioned sense as well as in the modern. 

you V— Ko. 1. 


[Published AprU 25th, im. 
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That is, may it make ub muse over what we hear; may it lead us to ponder 
u|x>n the difficult scientific problems that a study of weather prediction brings 
to our notice. 

I have one rogi'et about this Hymposium. There are no principal speakers 
from outside this department. At one time we had the pK)mise of two 
from elstswhere, who however have not, in the end, been able to come. To 
non- mem hers of the Meteorological Department I would point out that here 
is a monojwly to be broken and the first steps to do so may be taken to-day 
in such time as our President may allow for remarks and questions and for 
lieckling the principal speakers. 

To some people, a symposium on Weather Prediction may require justi- 
fication. One high official in Government once asked why a meteorological 
department should exist, when it would be so much cheapei’ to engage astro- 
logers to forecast weather from the stars. In tliis symposium you will see there 
is no sjwaker down to sjwak to us on forecasting weather from the stars, for 
the Himple reason that no astrologer has yet shown that his forecasting methods 
are based on scientific principles or will stand the test of scientific criticism. 
Every forecaster, amateur or j)rofessional or quack, finds some of his forecasts 
turning out corro(<tly, if he forecasts often enough; and it is a curious fact 
(which Sir Gilbert Walker fX)inted out some years ago and many of us here 
have kjarned by experience) that ‘ while the forecasting efforts of charlatans 
are judged by their occasional sucoesses, it is the occasional failures of a 
government department which are remembered 

In this symposium the main sj[)eakers start with a creed — a scientific 
faith — that in weather we see the lesults of the ordinary laws of physios oper- 
ating on the oc^an of air. They have learned not to be downcast if they cannot 
trace the physical cause of every connection. Our first speaker, Dr. Savur, 
will probably tell us that abnormally high pressure in South America in April 
and May is, more often than not, associated with a strong monsoon in India 
in June to 8ej)tember. I don't expect him to give you a reason, because I 
don’t tliink he or anybody else knows. But he can show by means of satis- 
factory statistical tests that the relationship is real and significant. There 
must be a pliysical reason for that particular relationship just as there must 
be a physical or chemical reason for the 11 -year periodicity in sunspots and 
solar activity. Some people eritidse seasonal forecasts on the ground that 
it is imwise to use a relationship, based on a smallish though significant oon’e- 
iation c!tK?fficient, unless you know the physical causes behind the relationship. 
I personally agree with the other view that if a fact is established with 
reasonable certainty, we are at liberty to make use of it if we can, For 
instance, if we could use the solar cycle in weather forecasting, surely we would 
do so, although no astrophysicist can t«ll you why there is an 11 -year cycle 
in the sun’s activity. 

India is the country in which the subject of seasonal forecasting has been 
most intensively studied. Sir Gilbert Walker carried it farthest, but the whole 
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problem is so complex, that at the end of it all Sir Gilbert Walker advised 
the use of the word ‘ foreshadowing ’ instead of ‘ forecasting ’ in order to 
remind ourselves and everybody else that the utmost one can do at piesent is 
to give a very general indication of the total rainfall over a large area for a 
jKiriod of 2 to 4 months. The details of the fluctuations over the area and 
through the season cannot bf> forecast. Henc^, we aim in seasonal foreshadow- 
ing to issue a statement that is brief, unambitious yet unambiguous in its 
wording. 

The next question for consideration is: can foipcasts be given for lO 
days ahead with a fair amount of detail ? Obviously these would be of great 
use to many people in business, especially in India's chief industry of agri- 
culture. You will hear to-day of the attempt being made in (kirinany and 
Russia to develop this medium -range forecasting. Herc^ tigain, there are no 
clear-cut physical causes and effects, but rather an arduous back-breaking 
task of digging for empirical relationships out of vast heaps of data, with just 
a few principles to guide one in the search. No intensive study has been 
undertaken yet in India on this problem. In the 11.8. A., it is said that the 
German methods will be critically examined for the {)os8ibiIities of their appli- 
cation in America. Meteorologists in London indicate that these methods 
are not yet thought applicable to British conditions. 

When we come to daily weather forecasting — forecasting for a half-day or 
a day or for two days in advance, we come to an art or a science which has been 
practised for sixty years or more in many eountries. We must start' with 
some jKistulate. 8o we start with this: that if you have to forecast to- 
morrow's or the next day’s weather in the Deccan you must know riow what 
today's weather is both over the Deccan and over surrounding regions as w^ell, 
liecause in 24 hours' time part or even the whole of the air now over the 
Deccan will have moved elsewhere. 8o, we postulate on up-to-the-minute 
weather map for diagnosis of the present situation. From diagnosis we have 
to pass to the next stage of prognosis or prediction. What principle, wluit 
methods have we to use in this step ? 

The ideal method is obvious enough. You write out the complete dyna- 
mical and thermodynamical equations, enter the numerical values that represent 
to-day's situation, solve the equations and derive the subsequent weather 
sequence as a function of time. Needless to say, the atmosphere is very much 
too complex to be dealt with in this manner. The only real attempt to follow 
this method was that by L. F. Richardson in his book ‘Weather Prediction ' 
published in 1922. He entered the disci’ete elements of present data, — 
simplified the different equations where he thought it jtistifiable to do so, — 
and solved them by the method of finite differences. The calculation is lengthy 
and cannot be finished by an ordinary staff of computers until some days 
after the period of forecast is over. Also, at the end of that long calculation, 
the answer may not be right ! Yet Richardson's attempt, if it was a failure 
feoin the {sractioal foreeaster's point of view, was a glorious failure — ^the like 
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of which any of us would be proud to be able to aooomplish. Amongst other 
things, it reminds us that a method to bo successful in practice must be capable 
of giving the answer quickly. The essential elements have to be selected, 
analysed, and combined into a picture of the future within an interval of 
half to one hour. 

An alternative method to Richardon’s is to apply mathematics or graphical 
methods to a selected body of the data. Thus Bjerknes, at one time, proposed 
the carciful j)repara<tion of each day’s stream lines and the careful examination 
of the kinermtics of the ah’ flow. By that means he hoped to be able to map 
out the areas of divergence and convergence. And let me warn you that you 
may hear much about divergence and convergence from subsequent speakers. 
The reason is this. The vertical movements are the important ones in produc- 
ing weather. ]i}uu is always preceded by upward movements, — and places of 
upward movement appear on the surfacxi charts as areas of convergence. Now 
Bjerknes’ method of stream lines has never been followed up with accuracy 
on a large scale, iK^cause of the difficulties of getting sufficient, accurate data 
of wind. When tested intensively over a small area in Norway in 1917-18, it 
led however to far-reaching results, which I shall mention in a minute or two. 

There are other mathematical treatments available. For example, the 
isobars oi’ isotherms or any other isopleths may be treated as a function of time. 
Knowing the change of pressure since 12 or 6 hours ago, aloiiig with the further 
special information about the tendency of that change in the past hour or two, 
you can imagine that for each station you have pressure described as a function 
of position and time. Imagine the fimction to be continuous and you then 
calculate what the isobaric field should bo 6 hours later. Quick methods of 
calculation have been devised. Later on Dr. S. K. Banerji will tell us how 
they can be applied in meteorological practice. 

Of course having only the picture of the field of pressure for 6 hours ahead 
is not sufficient. We have to guess also the kind of weather that will be asso- 
ciated with it. That guess is generally partly empirical and partly physical. 
The empirical method is, I may remind you, eminently practical. You notice 
the pattern of isobars your latest weather map. You also have beside 
you a catalogue of past isobaric patterns (os a policeman would of finger prints). 
You look out those most similar to the isobars of to-day, and further weed 
out the selection by making not only isobars but also isotherms and other 
elements agree. You are then left (you hope) with a post example of what 
is happening now and you forecast that what happened after that last example 
will happen again. A great deal of daily forecasting is still done on that prin- 
ciple. The complete list of past years’ charts may never have been cata- 
logued in a fonn for publication, hxtt the experienced forecaster carries the 
memory of past weather maps in liia head and is undoubtedly greatly influenced 
by them. 

Why doesn’t this practical, empirical method suffice ? For one thing it 
is more difficult to find a repetition of exactly the same situation in weaker 
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than it is in a deal of bridge hands. More important stilJ, our knowledge of 
the simultaneous upper air humidities and temperatures is so meagre that you 
simply do not know which of all the past maps is the best likeness. 

Let me mention just one more general method, one that has been de- 
veloped out of Bjerknes’ original suggestion of drawing the stream lines. His 
intensive study of stream lines in Norway had forced attention to disconti- 
Tiuities in the general flow — and these discontinuities or ‘fronts’ came to be 
recogriized as the boundaries of more or less homogeneous air-masses; and 
finally attention became i)articularly focussed on the identification of air- 
mosses themselves. The idea is briefly this. At this moment monsoon air 
is flowing over the Western Ghats and its properties are fairly homogeneous 
day after day from Mangalore to Bombay. At Quetta, however, and in 
Baluchistan generally, the air has quite different properties, being drier and 
warmer, because it has had a different history and comes from a quite different 
source. So you can divide a bit of your map into areas of flesh monsoon air 
and of continental air, and you go on to picture how% according to simple 
physical laws, these homogeneous air-masses should interact at their boundaries 
and behave within themselves. This whole question of air- masses, their 
recognition, their behaviour, is a very live one just now amongst meteoro- 
logists. It invites approach from several aspects, and is a hopeful method 
of analysis, especially for the requirements which demand attention 

to detail. At one time the practical forecaster could devote most of his time 
to consideration of rainfall. Now airmen want forecasts of upper winds, 
of height of cloud, of fog, duststorms, sudden squalls. There is this variety 
of requirements and yet the decisions of the forecaster have to be made in quick 
time; there is no opportunity for lengthy calculation. The symposium will 
show how these problems are being approached. 




SEASONAL FORECASTING IN INDIA. 


By S. R. Savitr, Meieorohgical Office, Poona, 

{Head at SyynpoHmm, July 26^26, 79t3S,) 

Introduclion--lnd\a is one of the few countries in the world which depends 
almost entirely upon agri<nilture for its prosjierity. Agriculture, in its 
turn, is dependent upon rain, which should be sufficient and well distributed. 
Hence it is but natural that from time imnienioiial, Indian agriculturists 
should have tried to read signs in the sky with a view to discover the imture 
of the ensuing rains. Many of their observations have come doMn to us in 
the form of sayings, some of which show tlic extrtujrdinary insight some of our 
forefathers possessed in interpreting meteorological phenmnenad Coming to 
recent times, H. F. Blanford ^ made the remarkable discovery that late and 
heavy snowfall in the Himalayas is prejudicial to the Jiiue~*Septemb6r rainfall 
in India. This observation lias been made use of from the very beginning 
in tlie seasonal forecasts issued by the India Meteorological Department. In 
this note we shall trace the growth ol‘ this bran(ih of Indian Meteorology from 
its origin to the present day. 

Forecasts of meteorological phenomena can be divided into two classes, 
viz,, short range forecasts and long range forecasts. Short range forecasts 
are usually limited to a period of 24 hours, hut on rare occasions they extend 
to over 48 hours or a little more. Long range forecasts, as attempted in this 
country, are for periods ranging from two months to four months. Since 
these periods cover definite seasons, these long range forecasts are also called 
seasonal forecasts. 

HistoricaL — H. F. Blanford was appointed Meteorological Reporter to 
the Government of India in 1875. From 1882 to 1884 he made attempts to 
estimate the prospects of monsoon rains. In 1885 it was decided that a mon* 
soon forecast should thenceforward be given armually. The first of the 
regular series was given on the 4th June 188fi. It has been continued till now. 

The first forecast was mainly based on snowfall in the Himalayas 
and the Bulaiman range during the preceding January to May and on the 
mean pressure over Bombay. The next year Sir John Eliot added conditions 
over the whole of India, and a year later in 1888 he took into consideration 
the conditions orer the Bay of Bengal and the Arabian Sea. 

In 1888 and 1889 the monsoon memorandum was issued in two parts: — 
the preliminai^ memorandum in the third week of May and the final memo- 
randum about Hie 9th of June. From 1890 onwards the preliminary portion 
was dropped out. The memorandum which began with 3 pages swelled in 
1892 to 22 pages. 
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In that year an additional forecast for Augnat-September was given. 
This too has been continued till today. 

In December 1893 the first forecast of winter rains in northern and central 
India during January-March 1 894 was given. This also has been continued 
till now. 

>Sinoe the monsoon winds come from the Indian Ocean, Eliot added in 
1896 what he called ‘the local peculiarities* there, namely the south*east 
trades at Mauritius, Zanzibar and i^yehelles. In 1897 he tuided datii of South 
Australia and the Cape (>)lony. As it included a detailed discussion of theses 
factors, the memorandum bad swelled to 44 pages by 1900. In that year 
‘Nile flood’ was used os a factor. It was believed tluvt Mow' Nile* meant 
‘famine year’ in India. 

In 1904 Sir Gilbert T. Walker gave his first forecast, luimely that for 
June-September rainfaU. He soon found that j^eriodicities did not pay. We 
now know why periodicities are not useful. This point will be discussed later 
on. 

The method used by Eliot to discover wljether a factor had any influence 
on the rainfall in India was by drawing a graph for that factor and seeing 
whether it showed any parallelism with the graph of 8ut>sequent Indian rain- 
fall. This method has much individual bias. Walker supplanted this method 
by the correlation method developed by Karl Pearson and his school. This 
new method not only eliminated personal bias to a very large extent but 
simplified the selection of factors considerably. In 1907 a forecast formula 
was calculated, but in that year and the next, this formula was used more oi* 
less as a guide to the inferences drawn in the old manner. In 1909 the first 
forecast using a regression equation was made. From this year onwards the 
memoranda gradually diminished in size. 

In 1906 was started the publication of memoranda comparing the fore- 
casts with the actuals. These have been continued to this date. 

The winter forecast, which used to be given in December till then, was 
given early in January in 1913, because some of the data on which it was baaed 
could not be hod before the end of December. This practice has been 
continued till now. 

Walker realized that India, being more or less a continent by itself, cannot 
be considered as one homogeneous unit regarding the distribution of rainfall. 
In 1914 he used the method of correlation to divide India into fairly homo* 
geiiteous gioups and selected the following four areas: — Burma, north-east 
India, south Madras, and the rest called ‘India main’. These divisions were 
used from 1916 onwards till 1924 with slight variations. 

In 1924, just before he retired, Walker divided India into three groups 
called the Peninsula, north-east India and north-west India. These are in use 
at present. He also selected 28 factors out of a large number after applying 
a test discovered by him in 1913 and which is now known as ‘Walker’s 
Osiug these factors he worked out 6 forecasting formulas. 
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These formulae were in use till 1980 when they were revised using the same 
factors* but including all the data up to 1980.** An examination of the 
I'esults showed that almost all the factors had diminished ap]>arenily in sig- 
nifioance to a greater or less extent, hut the most remarkable thing was that 
not more than 7 factors out of 28 had become quite insignificant, a fine testi- 
mony to the keen insight of 8ir (Gilbert Walker. The tests that had been applied 
were those in current use at that time. These tests are really only applicable 
to oases in which the factors have brnn selected at random, but not to a case 
where a choice has been exercised in the selection of factors. Still one had 
U> be content with those tests as no betb^r tests were then thought of. 

The late Mr. J. H. Field, who succeeded Sir Gilbert Walker in 1924, 
suggested in 1928 the use of upper air data at Agra during September and 
October as a factor for the .lanuary-Maroh rainfall in north-west India; the 
data of 10 years, available then, had 3 delded a correlation coefficient of 
9*91 ±0*04. Walker, who also had this factor in mind as long back as 1917, did 
not accept this correlation coefficient af- its lace value, probably because a 
selection of the period was made after the examination of a number of ooeffi- 
(dents, this selection increasing the probable error of the coefficient to an 
extent that could not be easily determined. Mr. Field also must have shared 
this view as he did not make use of this faijtor during his period of Director- 
Generalship, although the possibility of the use of t hat factor continued to be 
pointed out every year. 

By this time the length of the memoranda had been cut down very much, 
the length varying from 1 to 8 pages. This decrease in length was possible 
because the use of the legression equation did not call for any lengthy des- 
cription of the iulluent?e of the various factors. Since 1927, when Dr. C. W. B. 
Normand succeeded Mr. Field, the length of the memoranda has been cut 
down to 2 pages. Only on very rare occasions has the memorandum covered 
two and a half pages. 

Seasonal forecasts are always somewhat vague. Prior to 1931 they 
were of the type 'KainfaU is not likely to be far from normaP or 'Rainfall 
is likely to be normal or in slight exixjss*. To the initiated the word 'normal ’ 
meant an interval of 20% on either side of the average. In 1930 tables were 
computed with the idea of issuing slightly more definite forecasts, mon? 
definite in the sense of our being able to judge after the event whether tiiey 
were right or wrong. These tables were ready early in 1981 and were used in 
drawing up forecasts tvom June 1931 . 

Tbiee years previously, in 1928, Walker hod suggested that no forecasts 
should be given which have less than an 80% chance of success. This very 
reasonable suggestion has been generally followed in the issue of all forecasts 
since January 1982. 


* For factors now in luo, see Appendix 1. 
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In October 1931 Dr. Norniand began the use of a general test called by 
him *The Performance Test*, which eliminated the j^rBonal element in* 
heront in the old method of selecting factors. This test has helptsd us in the 
following ways: — 

(1) To test the significance of the factors, 

(2) to test the signifioance of the regression equations, 

(3) to select significant factors to repla(i(3 the insignificant factors, and 

(4) to arrange the factors in the order of reliability. 

Naturally it took some time before all the above possibilities of this test 
were gra8j)ed. This test has been in use since January 1932. It was only 
when this test corroborated the significant^e of upper- air data in forecasting 
winter ijrecipitation in north-west India, that, that factor was incorporated i?i 
the forecasting formula from 1935. 

Some eleymntary theoretical c^>nsiderations . — Objections have been raised 
off and on against the aj)plication of con;elation methods to weather predic- 
tion. The main objection is that wo are using factors only on the strength 
of the value of their correlation coefficients with our forecasted element al- 
though there do not appear to be any physical reasons for a relation between 
them. This objection is not so formidable as it appears and has been partly 
answered by the researches of Sir Gilbert Walker ^ on world weather, but the 
greatest argument in favour of the correlation method lies in the accuracy of 
the results as will be seen later on. 

Suppose a quantity X de|>ends upon other quantities Y, Z, 

etc. Then if we denote amounts by small letters we can write 

z, . . . .) where <j> is some unknown function. 

To a first approximation, we may take <l> to be a linear function. We 
thus get 



where ki, , etc. are constants, and or, y, 2 , etc. are departures from 

their resjwctive population means. 

This is the assumption with which Sir Gilbert Walker started his series 
of pat>er8 in which correlation methods were applied to weather pi'ediction. 

If X, Y, Z,,eto. are distributed normally, the linear relation between them 
follows at once. There is reason to believe that this assumption may not 
be far wrong in the case of the factK)rs used in seasonal forecasts, 

Now% we do not know all the factors that affect our forecasted element, 
X. We may therefore write 

where a*» total contribution due to known factom and ^ that due to other 
independent, factors. 

Since move than (K) corresponding values of w and a are known we may 
take the observed values of the standard deviations of x and ot and of the 
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correlation coefficient between them as not far from their true (population) 
values. 

If we measure x and a from their respective sample means, which are 
very nearly equal to their resj)ective population means, we see that the mean 
of the jS population is zero. Wo thus know the distribution of ^ completely 
and 80 can find out the limits beyond which the chance of a value of occur- 
ring is less than an assigned quantity. The calculation of such limits is very 
much simplified if use is made of the tables computed by S. R. Savur and 
S. Gopal 

Sup|K)se with 20% as the value of chance, the limits are ±/9i. Then 
the chance of a value of ^ occurring between db/Sj is clearly 80%. Similarly 
with 40% as the value of chance lot the limits be Then the chance is 

for the occurrence of a value of ^ greater than +^2 occurrence 

of a value ^ less than — /Ig. 

Suppose in a year the value of a is at- Then wc can give one of the 
f(>llowing three forecasts, each of which has an 80% chance of success: — 

(1) X will lie between ai—^i and aj-h/Si. 

(2) X will be less than aj+jSg. 

(3) X will be more than ai— jS 2 . 

The selection of one of these forecasts, assuming that the forecaster wants 
a forecast having an 80% chance of success, is, from the point of view of 
theory, immaterial. However, certain other considerations have been used 
by Dr. Normand in the selection of the particular tyi>e of forecast in any year. 
They are briefly the following. 

From a knowledge of the distribution of x alone, i,e, without using any 
forecasting formula, we can calculate the chance of success of each of the 
above forecasts. This chance has been termed by Dr. Normand * Die intelligent 
layman*8 chance of succciss’. One of the criteria adopted by Dr. Normand 
is that the forecaster's chance of success should be appreciably greater than 
the layman^B chance of success of the same forecast. Otherwise the forecast 
is not useful. Tins is the criterion that should be satisfied by all forecasts 
before their issue is considered. 

Forecast (1) is preferred when qli^O or a small positive or negative quantity, 
forecast (2) when oli+Pq is either zero or negative, and forecast (3) when 
ai— jSg appreciable negative quantity. It is no wonder that with such 
restrictions there have been occasions when no useful forecast could be given. 
Since June 1931, when the Performance Test began to be used, to the end 
of January 1938, only 5 out of a possible number, 38, of forecasts were not 
issued, this small fraction, about being, no doubt, due to a lucky chance. 
Ordinarily one might expect to find such occasions on about or J of the total 
number. 

As a typical example of the method used in forecasting we may consider 
the August-September forecast for the year 1936. 
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For the Peninsnla, the calculated departure of rainfidl from lunrmal oune 
out to be +1’7. 

(A) 80% chance of Buccess forocaBt based on the above is ‘That rainfall 
will not be i>e)ow 94% of the average’. 

(B) 80% chance of Hiieoess foretjast made by an intelligent layman is 
^ That niinfaJI will not fall l>elow 80% of the average.’ 

Now the random chance of Bucoess of the forecast (A) is only 60%, which 
in much l>elow 80%, Again (A) is very different from (B). 

Heme hotli the criteria are fcitisded and it wm theiBfore decided in issue 
a foreoaHt, 

In a similar manner, it was also decided to isBue a forecast fur North- WeM 
!ndifi. The full wording of the forecast was: 

'The monsoon rainfall of August and Beptember will not bo less than 94% 
of the average in the Peninsula nor less than 83% of the average in 
North-West India,’ 

Actually the rainfall was 92% of the average in the Peninsula ami 104% 
in North-West India, showing that while our forecast in respect of North-West 
India was successful, that for the Peninsula was wrong although by a narrow 
margin of 2%. 

Juaiijxmtion of the method employed, — ^W© have said already that one of 
the best proofs of the utility of any method is in the accuracy of' the results 
predicted from it. T^et us apply this test to our method. 

Out of 33 forecasts given so far (January 1938) since June 1931, 27 fore- 
t!asts were not wrong, anti the ratio of 27 to 33 exceeds slightly the 80% 
expected. To find out the significance of this result we may proceed as follows. 
While the average t^hance of success of these foi’ecasts according to the formules 
is 78%, the intelligent layman’s chance of success is only 64%, The proba- 
bility of obtaining not more than 6 failures in 33 forecasts on the intelligent 
layman’s chance of success is 2%, showing that the chance of only 6 failures 
out of 33 would have lieen small for the layman. 

The piobability for the same event on the forecaster's chance as calculated 
from the formuhe is 39%, showing that the actual success is witMn the limits 
of variation due to random chance. Hence the formulflp have iwrfonned up 
to expectation. 

We have said that the correlation methods are strictly applicable when 
all the quantities are distributed normally in their respective populations. 
The qxmntities that we have k)een using for our forecasts are mean monthly 
pressures, mean monthly temperatuit^s and total rainfall amounts over one or 
inoic months. It is only in the case of rainfaU that one might expect a big 
departure from normality of distribution. This view is no doubt true in the 
ease of the rainfall at a single station, especially if the station is situated in 
an arid or semi-arid tract. But when the rainfall is taken over a large area 
like north -wf^st India, the Peninsula or north-east India, and over a period of 
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WO or more months, the distribution is likely to tend towards normality* 
This point was tested in 1933 by D. Sankaranarayanan * who found that 
there was no appreciable departure from normality in the case of the rain- 
fall data used by us in our forecasts. This may be considered a further 
justification of the methods used in our seasonal forecasts. 

Taking all these into account we see that, although the correlation method 
may not be ideal for forecasting work, yet it is sufficiently good to yield results 
having significance. Hence it is proposed to continue this method until a 
better method is devised. 

Sunapota and periodicities , — ^It has been said previously that Sir Gilbert 
Walker did not put much faith in sunspots or other periodicities. With 
regard to sunspots he showed in 1915 that their influence could not be consi- 
dered significant. The question of periodicities was examined by S. R. Savur 
in 1927 and again in 1935.7 |t was found that periodicities were of little or 
no use for the drawing up of useful forecasts in India. In fact, no proof has 
been found anywhere for the belief that weather repeats itself at regular 
inteiwals. 

A few shortcomings , — It is fully realized that the kinds of forecast issued 
now are far from perfect. They are given for big areas and for periods ranging 
from two to four months, that is to say they do not indicate any local variation 
or distribution from month to month or from fortnight to fortnight of rainfall. 
These defects, although not small, are not as serious as one might at first 
imagine. 

Tjet us first take the local variation in the seasonal rainfall in any big 
area, say the Peninsula. The smaller areas, which are political divisions, 
such as Gujarat, the Konkan, etc., included under this big area, are such that 
the rainfall amounts in the smaller areas have tolerably high correlation coeffi- 
cients between one another. This means that the local variation, that is the 
variation from one small area to another, is not much. 

The variation from month to month of the average rainfall is already 
known. When we had in any year an excess in the total rainfall during, say 
June-September, it is found that there was in a majority of cases more than 
average rainfall m each of the four months, although not by the some propor- 
tionate amount. A similar remark holds good in the case of years of deficient 
rainfall* Hence the drawback in giving the forecast for the whole season 
ijistead of for the individual months is not very serious. 

Attempts are being made to overcome these defects graduaUy. The first 
improvement will be the issue of forecasts for smaller areas than are in use at 
pi*esent. Some groupings of areas have been tentatively made and ore being 
tested by the Performance Test If the result of the test is favourable the 
smaller groups will be adopted. Only after this question is settled, will the 
foreofUBting over smaller intervals of time be taken up. 

It has been said earlier that the method of correlation is strictly applicable 
only when all the quantities that are correlated are distributed normally. 
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Although the departure frotii normality has not been found significant, 
one cannot assert that the quantities are distributed normally. If therefore 
there is a departure from normality, it is difficult to see to what extent the 
oorrelation methods are reliable. However, to overcome this defect some 
general metluals are being developed M'hich are applicable to all cases irrespec* 
tive of the frequency distributions. Although the theory is still in its infancy, 
it is hoped that ere long it will have been developed to such au extent as to be 
capable of useful application to seasonal fojecasting. 

It has been said above that attempts are being made to diminish the 
period over which the seasonal forecast is issued. On the other side, an effort 
is made to lengthen the period over wliich the day to day weather forecast 
(short-range forecast) is made. Is it possible to bridge this gap ? In this 
connection it should be noted that the method used in seasonal forecasting is 
quite different from that employed in short-range forecasting. The former may 
be termed ‘ statisticiil method ' and the latter * dynamical method * in that 
the latter makes use of what is known as ^frontar analysis. At present 
Vfrontar ar)al 3 '’sis is not exj>eoted to yield useful forecasts beyond about 
two days, whereas the ‘statiaticar method of seasonal forecasting is not 
used at present for a period of less than about two months. One would 
imagine that a judicial combination of the two methods might enable us 
to give forecasts for ptuiods of fifteen days or less, which are short from the 
point of view of seasoual forecasting but long from the daily forecasting view 
point, Tliat roughly is the method employed by Franz Baur in Germany 
since 1932 for his forecasts over 10-day periods. The reason wliy a period 
of ten days was selected by Baur appears to be t})at the variation during a 
month of, say, tcm}>erature is likely to be big, whereas in a small period like 
10 days only small variations may in general be expected. Hence Baur 
considers that forecasts ovei* a period of ton days are more useful than over a 
month . 

It will not be necessary to describe the actual method used by Baur, but 
the forecasts weie stated in somewhat general terms, though it mtist be added 
that the latest, forecasts (see sample at the end) are more definite than the 
earlier ones. Baur says that during the years 1932-1936, the percentages 
of success were 68, 81, 84, 87, and 84 respectively. 

In this connection it is interesting to note that C. E. P. Brooke suggested 
in 1926 the use of mean monthly anomalies of pressure to forecast the subse- 
(juent movement of * centres of excess or centres of defect * of pressure. After 
applying the method he found that ‘we should expect a reasonable amount 
of succesH in spring but doubtful results during other seasons. Evidently 
some improvement in the methods is required before long-range forecasting 
from the movements of centres of pressure deviation can promise success*. 
So far, no improvement appears to have been suggested. 

In applying methods of correlation to forecasts over |)eriods of as short 
as 10 days or so, there is a pitfall which is not easOy recognized but which 
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should be avoided. Correlation methods should be applied only to those oases 
in which the frequency distribution is either normal or not significantly different 
from normal. It is well known that the day to day variation of a meteoro- 
logical element over a sitjgle place is generally far from normal, while the 
variation of the mean of the same element over a number of days departs less 
and less from normal as the number of days, over which the mean is taken, 
is increased. The departure from normal becomes less marked when a big 
area instead of a single station is considered. Hence before applying correla- 
tion methods it appears necessary to test whether the element, the value of 
which is to he forecasted, is distributed in a form which is not significantly 
difTerent from normal. Unfortunately this test appears to have been 
overlooked in a number of eases wdiere correlation methods have l>een applied. 

In conclusion it may be said that efforts are being made to give seasonal 
forecasts over smaller areas than those in \me at present and also for pt^riods 
shorter than those over which seasonal forecasts are given at present. When- 
ever any method for this purpose is discovered, its efficiency (!an be quickly 
judged by the Performance Test so that it can be decided quickly whether the 
method can be adopted immediately. Appended below is a table giving the 
various factors used in foreshadowing Indian rainfall in the different seasons, 
which may be found interesting even by the geneml reader. 
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Al»PKNDr!l!: 1 , 

Tahh giving thp> factors used in Indian seasonal foreeasls.^ 


l>ivi«ioTi . 



Factors used. 





June t4) Sepkmher. 



TeuiiiHuia 

H=-*63. 

Java rain 
(Oot.-Fob.) 

Ho util 

America 
prossuro, 
(Apr. and 
May.) 

South 

Hhodesia 

rain. 

(Oct. Apr.) 

Dutch Harbour 
iomporaturf\ 

(Deo. -Apr. ) 

N..\V. hwUa 
K-:*64. 

KquaU>rial 
pressure, 
from Zanzi- 
bar to Port 
Darwin. 

(Jan .‘May.) 

Scjuth 
Anioritm. 
pressure. 
(Apr. and 
(May.) 

Dutch 
Harbour 
tomporatunv 
(Mar. and 
(Apr.) 

South 

Rhodowia 

rain. 

(Oct.-Apr.). 

Snowfall 
aooumtilation 
on tho western 
Himalayas. 
(May.) 



and September. 



Peninaultt 

H=:=*64. 

Mauritius 

pressure. 

(July.) 

l^ooal 
proas uro. 
(July.) 

Java rain. 
(Oct .“Feb. ) 

South 
Rhodesia 
rain . 

(Oot.~Apr.) 


N, W. India 

MauritiuH 

prwsxu'e. 

(July.) 

South 
America 
pressure. 
(June and 
July.) 

D)cal 

pressure. 

(July.) 

South 

Rhodesia 

rain. 

(Oot.*Apr.) 




January to Maroft., 



N.-\V. India 

South 

Ainorioa 

ppOHsure. 

(Def'ontlier.) 

W OH lorn 
rain, from 
Persia tf» 
Baluchistan 

Port Blair 
rain. 

(I)ftoeinbor.) 

SeyohoUeK 
pressure. 
(Nov. and 
Dd^emlier.) 

Agra west 
upper winds at 
5-8 Kms. 

(Sep, -Oct.) 


and liudhinir. 
(Beceittlxsr.) 


Total (;orrelation oooflftoient. of th« fomoastiiig formula. 

* Savur, S. R.. M, Met. Dtp. SeL NoUs, 4, No. 37. {ini). 
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Apeekbix 2. 

Tm-day forecast by F, Baur, 

C^rranBlation.) 

1 6th Foreoft«t for 1937 — FonKjast of weather in general for the period 16tb-26th 
September, 1987, ifwued on the evening of I6th Beptember, 1937. 

'IJnaettled, frequently windy, weather with cjhanging cloudiness and frequent rain 
is to be expected in the next 5-7 days. The ternperaturcB will oscillate, but will for the 
most part bo below the normal of the season. It is only in Kast Prussia tliat. the average 
teraporature of tho coming 10 days will perhaps bo ncMflirly normal. The day leinporatureH 
will only seldom, an<i in some places only, rise above 20”. The nights also will be often 
isooJ, though frost need not be feared in the plains or in Kflst Prussia. 

fn the course of the next week after the Uunporary increase of the unsettled character 
of the weather a. fdiange of the general weather situatum will probably take place ; hence 
towards the end of the period io which tho forecast applies, more settled weather with 
decrease of rain will set in. 

Duration of sunshine in the ten -day }>oriod will not in general exceed 50 hotirs.* 


Disottssiok. 

Mr, F, Dorai»wamy Iyer . — The desire to foreshadow the monsoon, so 
important to India, has been in existence for a very long time, even in ancient 
India, and an attempt in this direction is indicated by some observations of 
Varahamihira on the relation between conditions of the winter sky and the 
rainfall of the subsequent monsoon. 

The fact that India is the only country where long-range forecasting 
()r foreshadowing has Ikmui practised regularly foi* a long number of yoais 
is due to the circumstanoe that India is one of the few countries where the 
seasons, espe<jially tiie monsoon, set in with almost cJoekwork regularity in 
the beginning of June. Other eountries which have a similar monsoonai 
regime also lend themselves to a siiniJar foreshadowing, and the speaker has 
derived a foreshadowing formula for the inonBCH>ii j-ainfall of Upper Siam.* 
Some attempts are also being made in Ohina in this diiection. 

Among tho attempts to foreshadow rainfall for smaller regions of India 
sliould be mentioned the woik now being done by the speaker and Mr. Sesha- 
char to foreshadow the monsoon rainfall of tho Maidan and Malnad portions of 
Mysore separately. 

We have so far attempted only to foreshadow the total rainfall of the 
monsoon or of the latter half of the monsoon season. We have yet to make 
an attempt to foreshadow the date of onset of the monsoon to help the agri- 
culturist in his tilling of the soil and sowing; we have also to make an attempt 
to foreshadow the periods of breaks os well as periods of excessive rainfall 
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during the monBoon season, by making a more intensive study of the pulses 
in the monsoon. 

It should also be mentioned that the factors used in foreshadowing the 
monsoon rainfall of India have tlieir basis on large scale relationships of the 
seasonal weather in different parts of the globe, although the relationship can- 
not be directly traced in some cases. Thus South American pressure which 
plays so important a part in all forecasting formula? of Indian rainfall does 
so by its being a member of the ‘Southern Oscillation'. 



MEDIUM-RANGE WEATHER FORECASTS. 


By S. Basu, Upper Air Observatory ^ Agra. 

(Bmd at Sympoaimny July 193H.) 

I. FeANZ BaUK'S FOKECASTS foe lO-DAY PEKIOOft,! 

1. Introduction. — The National Institute for working out scientific 
methods of long-range forecasts, founded in 1929 and now attached to the 
German Meteorological Service, first started working with the problem of 
forec^asts for a month ; this period was chosen because the monthly meteorolo- 
gical means were available already worked out for many stations. It whs 
soon found, however, that very few practically useful and reliable forecasts 
could be issued by working with monthly averages. Weekly forecasts were 
next tried ; but after some preliminary studios it was decided that the choice 
of 10-day periods was more workable for medium -range weather forecasting. 

2. The Bame of Work. — ^The 10-day forecasts which weie first published 
in the summer of 1932 are based on a combination of statistics and symoptics; 
accordingly the process of preparing the forecasts is divided into two entirely 
distinct parts. 

For the statistical study of weather history it is assumed that over a wide 
region the weather of the next 1 0 days is essentially determined by the sequence 
of atmospheric events in the preceding 10 days. Tlie validity of this hypo- 
thesis can only be tested by trial; and the results of the forecasts ai’e claimed 
to have demonstrated the general correctness of the assumption. 

The second part of the work consists of the study and analysis ol' synoptic 
weather charts of the fore -decade and the post- decade with due consideration 
to the ‘ broad weather situation’ of the day on which the forecast is to be made. 
The term ‘ broad weather situation ’ requires definition. It is a condition of the 
atmosphere which controls the weather for several days, remaining sensibly 
unchanged during the period which includes a series of individual weatheis. 
The assumption that the direction and strength of the pressure gradient aloft 
determine the general weather affords the starting hypothesis. 

3. The Reality of Broad Weather Conditions . — The observations made 
since Dines’ important paper® of 1912 have confirmed the existence of a 
relation between pressure in tiie upper levels and the air temperature below. 
In 1922 Mahalaaobis ^ showed that the relations with the conditions at 4 km. 
were closer than those found by Dines with the conditions at 9 km. Thus 
the pressure gradients in the lower stratosphere and the temperature gradients 
in most of the troposphere tmid to be related. Working with the direction 
of motion of regions of rise and fall of pressure (isallobars), the Frankfurt 
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Bohool found that, for the 24-hourly changes at ground-level, the control 
by the pressure (isobars) at 6 kin. is very complete; this control has been oalkd 
by them 'steering*. (Four types of steering, viz., Northerly., Easterly-, 
Trough- and Double-steering were iiiustrated by slides.) 

From figures given by Baur (figs. 1-4^ pp. 244-245, Met. Zis., Band 53, 
Heft 7, July 1936) we see that the motion of the pressure changes at seaJevel 
undergoes steering by the pressure at 5 km.; further, fig. 5 shows that the 
regions of high pressure at 5 km. are a.lso regions of large vertical heights 
between the KXK) and 5(K) mb. iso baric surfaces which are therefore regions 
of high temj)eraturc in the Jriwest 5 km. The use of the 5 km. pressure as a 
substitute for the pressure in the stratosphere does not hold when the pressure 
grailient in the lower stratosphei-e is feeble, with the winds in the stratosphere 
and the upper troposphere essentially dift’oront. This is illustrated in the case 
of the double-si eering. Baur accepts that lows are due to waves on a Burfa<»e 
of discontinuity and remarks that double-steering can only be explained by 
supposing that waves develop in the tropopause or the equatorial front as 
well as on the polar front. That these examples of steering are representative 
may be inferred from the fact that during the 15 periods of the first three 
months of 1935, in 14 cases the steering obeyed the rule, while in the remaining 
case there was no direction of motion. Examination of erases throughout 
1036 and 1936, Bam* states, bears out the same conclusion. His experience 
of these steerings is: — 

1 . The mean duration of a bnjad weather situation is 5^ days. 

2. On an average tliere are, in Central Europe, 5 of these situations 

in a month, the intermediate days being transitional. 

3. The longest durations are of West-steeiing when Central Europe 

is under a region of high pressure in the stratosphere and is 

therefore not crossed by areas of rise and fall of pressure. 

4. The most frequent directions of steeling are W (18%), NW and BW 

(each 17%), quite rare SE and very rare NE and E. 

Since the pressure gradient in the lower stratosphere, the average gradient 
of tenqieraturc in the troposphere, the general flow and the steering fit together 
and last for some days, it is reasonable to regard them as oonstituting the 
broad weather situation. In working out these medium-range forecasts, the 
formation and breaking up of stratospheric highs and lows replaces the probem 
of the suifaoe highs and lows in daily weather work. It must not, however, 
be concluded that because these are determinative of the broad weather condi- 
tions they are the primai’y cause of the weather itself. 

4. The iitiUiatiocU Foundation . — ^The statistical work consists of computing 
correlations, the choice of the elements and interpretation of the results being 
based on physical-meteorological oonsiderationa. Till now, the statistical 
foundations for the three July decades and the thr^ August decades have been 
worked out from 40 years* observations from 1893-1982. The data used for 
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this purpose are the pi’ossure and temperature values for 26 stations extending 
from Greenland to Kiev and Vardo to Algiers; in addition, the pressuies at 
certain points at sea were also used. To aliou for short-period oscillations, 
iive-day means of observations were utilized. 

To include the totality of all cases, overlapping means were used. Thus, 
for example, for the second decade of July the working out of correlations did 
not stop with correlating the data for 1-lOth July or the changes between the 
mean values for l“-5th and 6-1 0th July with the data for ll-20th July; but in 
addition to thest^ the oon'esponding pairs of values for June 26-July 6th and 
July li-16th, June 27--July 6th and July 7-16tli, etc., were correlated with 
July 6-14:th and July l6-26th. So tJiat 400 pairs of values were obtained for 
each decade out oi’ the 40 years* observations (440 pairs foi’ the decades with 
11 days). 

Correlations were worked out for the following factors : — 


Pre-decade, 

1. Mean pleasure. 

2. Change of pressure, i.e., the differ- 

ence between the mean pres- 
sures of the first and the last five 
days. 

3. Change of temperature. 

4. Change of pressure from the fifth 

to the tenth day. 

5. Inter-diurnal variability of pres- 

sure in the last six days. 

6. Pressure on the last morning 

(sample day). 

The ooeiffioients by themselves give no useful indication of pressure, but 
gave values up to — 0*4 for rainfall. 

The computed values of the coefficients for ail the 26 stations were then 
plotted on charts. Baur states that, for the physical meaning of the statis- 
tioal result, the change in the aspect of. the correlation picture (the shifibing 
of the centre of the greater positive or negative correlation frcnn decade to 
decade) is very important. Without discussing this aspect in detail, however, 
he merely mentions that the correlation pictuies change from decade to decade 
in a very appreciable 'manner (ae seen from figs. 1-3, p. 162, BwM. Am. ifef. 
/Soc*, VoL 17, No. 6, May 1936); except that for all the summer decades the 
oorrelations with the pressure distribution on the last day of Uie fore-decade 
gave edmost .tiae same picture (e.g., for rainfall, illustrated in fig. 4} which 
repeats in the other July and August decades. 

The next step was the computation of oombmed correlations in which 
the valim for the fore^deoadee for several stations wwe joined together by 
addition or subtraction. Those combined quantities which were recognised 


Poai-dC'Cade (the period of forecast). 

1. Mean pressure at Potsdam (near 

Berlin). 

2. Mean piossure at Oslo. 

3. Mean pressure at Treuburg (north- 

east of Germany). 

4. Frequency of precipitation in north 

Germany west of the Oder . 

6. Frequency of precipitation in south 
Germany (computed from the data 
of several stations). 
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as factors indicating the future weather wei'e finally entered in multiple oarre* 
lation tables with one of the elements of the weather to follow. Such multiple 
correlation tables » mostly with four variants of the fore- weather, were computed 
— eight for each decade. The values of the multiple correlations computed 
so far range up to 0*82 to 0*89. 

The multiple correlation tables also form the basis of comparison between 
the broad weather sittiation of the forecast-day with other analogous situations. 
By means of the simple device of attaching the date of each event noted in the 
multiple correlation table, one can immediately search out all the events in 
which the variables had about the same values as on the forecast day. Un- 
fortunately, Baur has not explained more fully, nor illustrated by any example, 
the multiple correlation table with all the entries. Hence an account of this 
important step has to remain rather sketchy. 

5. Synoptic Camiderationa. — In order to make a more detailed comparison 
of these in certain respects similar events with the general weather situation 
in hand, charts and tables of the fore-weather and of the post-weather are 
ma<ie out for each single sample day. Thus for each single day of the six 
decades of July and August for 4 years (2480 days) the following sets of maps 
and tables (2480 sets in all) are arranged for purposes of comparison: — 


For fore ’decades m the Qrejiter 
European Megion. 

1. Map of the mean departure of 

pressure from normal. 

2. Map of the change in the mean 

pressure from the first to the 
second pentad. 

3. Map of the change in the mid-day 

temperature from the first to the 
second pentad. 

4. Map of the change in pressure in 

the last five days. 

5. Map of inter-diurnal variability of 

pn^sBure in the last 6 days. 

6. Map of the distribution of pressure 

on the morning of the lost day. 


For poat’decade in Oermany, 

1. Map of the mean departure of 

pressure from nonnal for the 
first pentad. 

2. Map for the mean departure of 

pressure from normal for the 
second pentad. 

3. Map of the mean departure from 

normal of the daily mean tem- 
perature of the first pentad. 

4. Map of the mean departure from 

normal of the daily mean tem- 
perature of the second pentad. 

5. Tables of the synoptic air mass 

types prevailing on each of the 
10 days at Karlsruhe (in the 
south-west), Potsdam and Trou- 
burg (in the north-east). 

6. Table of the daily maximum 

temperature at obaraoteristio 
stations. 

7. Tableof the daily duration of sun- 

shine at characteristic stations. 
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8. Table of the daily precipitation 
at 30 evenly distributed charac- 
teristic stations. 

The above statements of the fore-weather and the post-weathor correspond- 
ing to the 2480 sample days are arranged ohronologically in suitable files so 
that they can be easily referred to for purposes of comparison. 

6. The Forecaats . — On the morning of the day on which t he forecast 
is to be issued the necessary observational data are collected and, by the 
collaboration of four persons, the six charts of the fore- weather are completed 
by 1 p.m. By this time the combined variabilities have also becji worked out 
for the multiple correlation tables. Thus a rough idea is obtained of the 
chara(;ter of the weather to follow in the next decade by determining the 
mathematical cxp(>ctaiion of the average piessure of the post -decade at 
Potsdam, Treuhurg and Oslo, and also of the frequency of precipitation in north 
German}" west of the Oder and in south Germany. 

Now with the help of the nniltiple (!orrelation tables all instances with 
similar advance weather ate isolated, and each of these singhs instances com- 
pared with the advance weather of the day of forecast ; those cases which are 
not wholly comparable am rejected. Then, as a rule, there remain two or 
three cases in which all the six charts of the fore -weather show, more or tes, 
pictures similar to the situation in hand. The ten weather maps of the post- 
decade corresponding to the similar instances thus picked out are then studied 
in all their detail, and synoptically analysed for judging as to which of these 
possible developments of weather has the greatest probability of following 
the general weather situation in hand. 

In addition, other points am considered. For example, any rhythms 
appearing in the march of the meteorological elements up to the forecast day 
are followed up and the possibility of extrapolation is given due weight; also, 
the pressum distribution at 6 km. or its change, from the observations of the 
weather airplanes, is studied. In this way, in close connection with the 
statistical inference, a broad picture of the synoptic weather situation and 
of the expected weather is obtained. While this process seems very elaborate, 
in comparison to which the issue of the monsoon forecasts in India is simplicity 
itself according to Sir Gilbert Walker, the 10-day forecasts are, nevertheless, 
issued by 6 p.m, of the forecast day. 

7. An Example . — ^An example of the predictions for the third July 
decade of 1936 is given below: — 

‘The fair prevailingly dry weather of the previous week changed 
on the 15th to somewhat unsettled weather, but nevertheless on the 
whole the weather, especially in south Oermariy, retained a foiendiy 
aspect. 

^This not unfriendly but, on the other hand, also not fully settled 
weather with alternate olearing and short, partly thundery, luins will 
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continue for the next few days. Then in the west and in south Germany 
for a few days prevailingly clear and dry weather will come, while in xiorth 
Germany, especially in the coast region and east Prussia, a slight change- 
ableness will remain. Following that, over the whole country there 
probably will be another cooling and strongly unsettled weather with 
frequent jirocipitntion due to arrival of maritime and polar maritime air 
currents. 

‘In the first half of the last third of July the temperature as the 
result of a sharp change will come to have a practically normal mean. In 
the second half on the whole it will be cooler than normal. The number 
of days with precipitation in the last third of July in central north Germany 
and east Prussia will excetjd 5 in most places though on many days the 
siiow^ers will l>e merely insignificant. The duration of sunshine in south 
Germany in the 11 days will exceed 70 hours.’ 

The above forecast materialised fairly well, although the number of 
rainy days in central north Germany in many places was only 5 instead of 
more than 6. Especially striking was the arrival of the forecasted cooling 
from maritime and polar maritime air for the second half of the decade. The 
statements in the above forecast by no means lack defitiiteness; the i)er- 
t^entage or correctness in the statements that can be definitely verified in the 
fomoasts of the last five years is said to have been 08, 81 , 80, 87, and 84. There 
even seems to be independent evidence of a higher proportion of saocesses in 
Baur’s forecasts, which seem to have won a reputation throughout the German 
State, 

8. Concluding Memarks . — The metliods of medium-range forecasting 
fleveloped by Baur suggest that a search in India for suitable correlation 
factors on somewhat similar lines may also lead to fruitful results. A priori it 
would seem that the general considerations for believing in the reality of 
broad weather situations may also have some validity for general weather 
conditions in this country. If, therefoK5, aerological data of press^iro and 
tem|)erature were to be available for the upper levels in India, a study might 
be undertaken to find out whether any steering rules exist in the case of weather 
in this country; and if they do exist, to what extent modifications are required 
to be introduced in them. For this purpose it would be necessary to make a 
choice of stations for establishing significant relationships, the choice being 
based on our existing knowledge of physical and statistical meteorology. No 
doubt, the daily weather forecasting sections and the climatological and statis- 
tical sections could make effective joint efforts in this direction. Dynamic 
climatology based on air-mass analysis would be a requisite for actually 
applying the forecasting methods outlined above» and it is gratifying to see 
that the India Meteorological Department has already given attention to this 
aspect of climatological work. After the prelinunary invastigations and the 
spade work are gone through, it wotxld be possible to obtain a more definite 
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idea regarding the applicability or otherwise of Baur’s methods of forecasting 
for periods of 10 days to Indian oonditiona, 

II, Forecasts foe feeioos by the Russian School^ 

L hUroducUm . — At the Institute of Long-range Weather Forecasts, 
established in 1012 at the Central Geophysical Observatory in Russia, B, P, 
Multanovsky, the present head of the Institute, was entrusted with the deve* 
lopinent of long-range foieoastiug methods. The first attempt at such foro- 
(?asting was made in 1915 for the Kara Sea region in connection with the work 
of freeing an expedition held up by ice, and the attempt proved highly successful. 
From 1919, forecasts for 10-14 days to 2-3 months began to be issued, at first 
inegularly and then, from 1920, regularly as an experimental measure. From 
1922 they were issued by the authority of the Central Geophj^sical Observatory 
and, in time, they proved so successful that in 1930 tJie Institute of Long-range 
Forecasting Avas made a full-fledged division of the Central Weather Bureau 
of the U.S.S.R. 8ince 1932 long-range forecasts are being issued regularly 
extending for longer penods in advance, sometimes for as much as 5 months 
ahead. 

Inasmuch as the development of a synoptic process, which is a function 
of a number of weather factors, varies with the season, the period for which 
the forecast is issued is not determined by any calendar periods or seasons, 
but by the period which marks the type of the synoptic process involved. 

2. The Basic Princvpks , — ^Tho Multanovsky school utilised all the fonns 
of analysis available for examining synojitic situations, viz., statistical, kine- 
matioal and dynamical methods. Their method can bo best named as the 
‘Composite Map^ method. It differs from most of the other time-space 
correlation long-range forecasting methods and is based on classical synoptic 
considerations. 

Disregarding the prevalent notion that the weather moves from west 
to east along with the general circulation, Multanovsky started on the assump- 
tion that the weather is mode, at least in part, in the north sub-polar regions 
where strong aocumidations of heavy cold air are to be met Avith. For reasons 
not yet completely understood, lumps or masses of air separate from these 
regions every now and then. If the places from which these air-masses or 
‘tongues^ of cold air start and the paths along Avhich they travel could be 
determined, perhaps conclusions regarding the weather in the adjoining regions 
could also be dravm. 

When Multanovsky began his work 25 years ago, the changes in the sub- 
polar regions could only be judged, OAving to the lack of direct observational 
data therefiom, by indirect methods. Therefore, the classification of trajec- 
tories of areas of high and low pressures was looked upon as a possible method 
of attaokii^ the problem. Detailed work showed, however, that, in general^ 
the pressure minima or maxima change paths so often and their variations 
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are ho great that a (‘onHidoration of mean paths gave no hopeful results. It 
then occurred to him that the complexity exhibited by the trajectories of 
pressure systemH even for a single season might perhaps be due to the fact that 
they represent trajectories of pressure systems of different origins; and that 
if gi'ouped act*ordirig to t heir origin, the picture might become simpler. Another 
original idea was to lestrict the choice of the trajectories to those of pressing 
maxima, on the ground that tl»e central part of a high forms the nucloua of 
picssurc ; so that the ti a jectory of the maximum can be taken, as a first approxi- 
mation, as the trajectory of the nucleus or, in other words, as the trajectory 
of the aii>massos. No doubt at the base of this choice was the prevalent idea 
that an anticyclone directs the weather in general. 

In grouping the trajectories according to their origin, Multanovsky started 
from the following consideration: all pressure maxima which enter Europe 
move from the west vith the general circulation, })rovided there is no in- 
trusion of nuclei of high pressure from the sub-polar regions. The effect of 
such an intrusion is to endow the direction of the high with a meridional 
component, it was also found that some of the trajectories had a component 
directed from cast to west, i.e, opposite to the prevailing circulation. He 
thus obtained three groups of trajectories of pressure maxima: (1) directed 
from the west, fronj the region of the Azores straight to the east — called the 
‘Azores normar type; (2) directed from the north-west quadrant — called the 
‘normal polar ‘ type; and (3) directed from the north-east quadrant — called 
the ‘ultra polar’ type. An average axis called a ' median’ or ‘normal’ was 
determined for each of the above three groups from an examination of many 
years’ records, 

Tt was found that some of the axes are characterised by great stability 
and the movement of an anticydone along a single axis often continues for a 
long time. The |)Ositions of axes over certain regions call for completely 
determined types of weather in corresponding regions; so that a frequent 
repetition of the same type of weather gives a definite climatic stamp to that 
legion. The axis should therefore reflect the actual weather conditions occur- 
ring in that region. Evidence of this fact is afforded by the distribution 
of the tree -types over the various regions in Central Europe and western 
Russia. (This was illustrated by the two maps for summer and winter.) 

Now, the passage of a pressure maximum along on axis is bound up with 
a definite distribution of pressure centres over a large operating area, making 
the process complicated. However, it is this complexity which makes it 
passible to appreciate a series of very important situations, provided that the 
map includes the entire operating area. (An operating area or natural region is 
defined as a region which includes the entire system of axes taking part in the 
establishment of the weather over that region.) 

To depict the distribution of all the subsidiary pressure areas during the 
movement of a pressure maximum along a definite axis, the subsidiary areas 
of high atid pi’essure (the crests of secondary high piessute areas and 
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tronghs of secondary low prtjssure areas) are entered symbolically on the map 
showing the movement of the main pressure maximum. The maps are also 
illustrated with the corresponding distribution of temperature, precipitation 
and wind. The maps obtained in this way are called ‘Composite Maps’ and 
retain all the details of the life-history of the pressurei regions. Multanov- 
aky’s investigations have claimed to show that the pressure helds and the axes 
are closely coimected with each otfier; so that with the aid of the axes one can 
determine the distribution of pi-essurc-fields and, conversely, a change in the 
orientation of the trajectory can be determined from the distribution of the 
pressure-fields. 

The time interval which duiracte rises the weather tyjx) and during w hich 
the pressure centres continue to be situated in separate closed -in regions 
forming dofiniUdy marked pressure -Helds is called the ‘natural jHudod’, This 
is the statistical criterion of a natural fH>riod; kinematically expressed, there 
is no intersection of trajectories during such a pericKl, Thxis it is seen that an 

ration along any definite axis continues for 10-12 days, the so-called natural 
period. The orientation of the process becomes apparent from the initial 
direction of th(j trajectory of the anticyclone and from the composite map 
of the associated pressure distribution during the initial stage of travel of the 
anticyclone. Hence two or three days after the beginning of a new ];>eriod 
(as soon as the orientation of the process be(?omes apparent) it is possible to 
determine the weather for the next 7-10 days. 

Experience is said to have shown that a phenotnenon or process mate- 
rialises within a period not exceeding 30-35 days after the appearance of a 
certain significant change — a sort of ‘flaring up’ of a new process, a ‘threaU^n- 
ing situation* or simply a ‘threat’. Within this time interval one can distin- 
guish approximately five more ‘ moments The pressure distribution corres- 
ponding to these moments represents the ‘phases’ of the development which 
culminates in the investigated weather ])henomenon or leads to a ‘develop- 
ment’ along an axis having a definit-e direction. The first of the moments 
is called the ‘threat symptom’. 

The length of a phase ranges from fi -15 days, there being 4-5 phases to 
the period of days. The determination of phases for various phenomena 
is rendered difficult because one must not expect only such situations whereby 
from the day of threat to the day of occurrence of the event itself one should 
have the phases of only one given series. What ordinarily happens is that 
sometime during the ’development of the process there appears a new threat 
of the same event, and hence a new series has to be noted. Thus during a 
season a certain event may repeat itself six to eight times; such combination 
made the investigation more difficult. The principle of identification of phases 
and threatening moments associated with them has been applied in a number 
of investigations of various phenomena. A systematic introduction of phases 
in forecasting practice, beginning with 1925, has somewhat widened the scope 
of the forecasts for the periods. 
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With regard to the question as to whei’e the indicated phenomenon is 
likely to occur, one should expect that the region where an event is to occur 
would be subject to a definite set of recognisable changes. According to 
Multanovsky the most pronouiu^d indication appears on the 13th- 14th day 
after the apjMja ranee of the threatening nucleus, i.e. in the third phase. It 
has not been made clear, however, as to what form exactly these indications 
take. TJie day on which is indicated the region where an event is to occur 
is called the ‘regional day\ It is said, for example, that the isobar and 
isotherm of the regional day mark ‘sometimes very accurately* the boun- 
daries of the district where glaze is to occur. No further clarification by way 
of illustration is, however, available. 

4. An Exarnple , — A typical monthly forecast includes first a long enough 
discussion of the probable movements of areas of high and low pressutes over 
Europe and the adjoining territories for the j>eriod in question; then the general 
weather characteristics are indicated. Ail dates are pointed out as precisely 
as pennissiblo, the margin of tolerance allowed being ±2 days. 

Part of the forecast for August 1935: — 


Region (1). Northern area. 

Period AuguM 2-8. Unsettled weather; cloudiness decreasing towards 
end of period, then clear . . . passing rains . . . winds fresh to 

moderate in the beginning of period, then decreasing . . . temi>erature 

10" to V rising towards end (temperatures are given for morning observations). 

Period Angtid 10-22. First half, varying cloudiness without rain; great 
increase in cloudiness in the second half of the period ; rains light to moderate ; 
temperature range 14 to 7 degrees. 

Then come forecasts for the other districts ranging in number from 40-80 
do}>ending upon the circumstances allowing greater or lessor number of divisions 
to bo dealt with for the particular period. 

A systematic verification of the forecasts was made in 1931 by G. Wan- 
genheim who examined 178 long-range forecasts issued during 1928-1930. 
It ap])eared that the forecasts covering natural periods gave os much as 80% 
verification for precipitation, 75% for temperature and 67% for the combina- 
tion of the two.* He also found that ‘forced* forecasts, that is. not for 
the natural periods but for sjx^cified calendar periods, gave a much lower 
verification. 

5. Conclusion , — From what idea the above sketchy account gives us 
of Multanovsky ’s methods of forecasts for periods, it seems that there are 
obvious difficulties in attempting to apply them to conditions in India, or for 
that matter in any tropical country. Because, in these latitudes, anticyclones 
are never such well-defined entities as in Europe; so that to trace the move- 
ment of their centres would lead to very doubtful results. To group together 
trajectories of such indefinite systems tbetefoi'e one should have to contend 
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with very unsystematic and haphazard results. On the other hand, the low 
pressure systems are quite well-defined and their paths too can be handled 
with much more exactitude in general. Groups of cyclone-paths are already 
exhibited in Eliot’s Climatological Atlas of India. While it may be possible 
to foresee a certain type of weather to be operative over the region near 
the probable located path of a low press ui'C area on our Indian weather 
charts, yet it is doubtful if th(i grouped axes of the trajectories of lows are 
likely to be useful in developing a metliod of long-range forecasting on the 
lines of the Russian school, for the cyclonic fields have been handled by 
Multanovsky and definitely abandoned as unyielding of valid results, although 
the European cyclones are as well-defined entities as they are in the tropics. 

HErKttENCBS. 
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Discussion. 

Dr. L. A. Ranidm : 1 wish to supplement Mr. Basu’s description of the 
work done on medium-range forecasts in (Germany and Russia, by drawing 
attention to work done in India during the past few years by the Agricultural 
Meteorology Section at Poona. The forecasting of maximum and minimum 
temperatures by using statistical methods was the problem first attempted, 
as farmers and agricultural research workers wore interested in such forecasts. 
Kalamkar ^ found that during the clear season at Poona the mean daily maxi- 
mum temperatures of successive mouths during a aeries of years were liighly 
correlated (e.g. October-November, November-December, December-, Tanuary). 
During these months it was found possible to express the mean daily maximum 
temperature of a week as a function of the mean maximum temperatures of 
the preceding four weeks; it was convenient to use these relationships for the 
prediction of maximum tempe^ratures in different weeks of the clear season. 
In his next paper * Kalamkar worked out the intermontbly correlations for 

^ A statistical study of tho maximum toaujwratiu-eH at Hwma, by R. J. Kalamkar, 
Ind. Met, Dep, Set, JVo^e«, Vol. V, No. 59. pp. 133 139. 

* A study of oomlation coefficients of mean maximum temperatures between succes- 
sive months at a few seleoted stations in India, by R. J . Kalamkar, Ind, Met, Dop, Sci, 
Notei, Vol. Vli; No. 70, pp. 15-19. 
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HUooeesivo months, throughout tho year, for about 20 representative stations 
in India. This investigation showed that stations with high intermonthly 
oorrelations group themselves in an interesting manner; the centres of high 
correlation showing a definite movement witl» the march of the seasons. The 
(centre of higJi correlation is strong and lies over South India during winter; 
it is feeble and is over Sind and adjoining areas in North-West India during 
the south-west monsoon. Over the rest of the country the correlations increase 
slightly during clear weather and decrease to low values during the wet months. 
The movement of the centre of high (correlation appears to be associated with 
the movement of the sub-tropical belt of high pressure which exists in the upper 
levels between 2 km. and 4 km. The results obtained show that the fore- 
casting of maximum temperatures by means of the statistical methods employ- 
ed wotild be possible only for the seasons and for the areas with high inter- 
monthly correlation c(jefficients. The ideal condition for the high association 
of the climates of neiglibouring months is the persistence of clear skies, feeble 
air movements and the absence of precipitation. Under these (^onditionH 
insolation has full sway and the accumulation of heat is localised. 

With regard to the prediction of minimum temperatures Narasimhan 
and Ramdas • have shown that the minimum temperature during a clear 
day in winter may be expressed as a linear function of the maximum tempera- 
ture and the vapour pressure of the preceding aftc^tnoon. Forecasting 
formulfe using the above relation have been worked out for about 20 represen- 
tative stations in India. The investigations referred to above rcpiesent some 
of the work already done in India on the prediction of specified meteorological 
elenjents by means of puiely statistical methods. The work is being 
continued. 

Th, 8amr : F. Baur’s Um-day forecasts are somewhat vague. As an 
examy)le, his forecast for the period 16th to 25th September, 1937, may be 
considered (see Appendix 2 to my |>a|»er). Hence it is not easy to judge to 
what extent the forecast has come out successful. 

Again, a selection of factors out of a large number has been made. It 
lias not been stated whether suitable tests like Walker's test or Normand's 
Performance-test were applied. This is quite an important point. 

In any case, I agree with Mr, Basu that Herr Baur's method is worth a 
trial here. 

Dt, Eam^rji : How is the success of a forecast, which involves a large 
number of elements, determined when some of the elements turn out to be 
correct and the others wrong ? 


1 Agricultural Met<jorology : The predictiun of the minimum temperature on clear 
days at selected stations tii Tndia, by M. Narasimhan and L, A. Kamdas, Ind, Jmm. 
Agric. ^ot,, Vcl, VII, part V. October 19^7, pp. 746-761 ; see also au earlier article on 
'Ooctelation between frost and preceding xneteorr>logioal coTiditions' by Barkat AU and 
Naq'^i, /sd. Jour. A^Hc. Sci,, Vol. I, part VI, December 1931. 
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Mr. Bobv : With regard to Ur. Savur*» question, 1 quite agree that in 
the sample quotetl by him there is some amount of iiulefinitenosH. But 1 
don’t think that any method will, for some time to come, ensure that every 
foi-ocast issued will be equally definite and precise. It may be possible to be 
very definite on some occasions and not so precise on others. But certainly 
the German forecasts do attempt to localise the predicted occurrences in time 
and space whenever tiiis is warranted. As regards Dr. Banerji’s question, 
I may say that each region is to b<' taken into accounts with regard to each 
forecasted element in judging the verification or otherwise of the forecast 
issued before the average is worked out. 

President : It is not clear why F. Baur chose 10 days as the forecasting 
period. The methods are interesting, although very complicated, and should 
be tried in India. 




AIR.MAS8 ANALYSIS AND SHORT PERIOD WEATHER 
FORECASTING IN INDIA. 


By S. N. Ben and H. R. Puri, Meteotologicjil Office ^ Poona, 

(Read at Symposimn, July 25-26^ 1938.) 

The air-ynaeseH. — In the absence, so far, of synoptic observations of pres- 
sure, temperature and humidity at different levels of the atmosphere, our 
ideas of the main properties and thermodynamical peculiarities of the inter- 
acting air-masses, as well os our daily forecasts of weather over India, must 
necessarily Ik^ based solely on the available surface and {)iloti balloon observa- 
tions, although the results of occiisional sounding balloon and aeroplane astjents 
made at a few stations can subsequently be referred to for further verifi elation. 

In classifying the air-masses over the Indian region one would, at first 
sight, like to recognise simply two main divisions, viz.^ the ‘dry* and the ‘moist’ 
air-masses. As a matter of fact, in a country like India, a lino of discontinuity 
at the surface outside winter may bo expected generally to bo between dry 
air on one side and moist air on the other. For greater precision in forecasting, 
however, a further sorting is found nooxjssary. A summary of the detailed 
analysis is given in the following table, which modifies i previous classifications. 

The three primary air-rnasses have some outstanding (sharacteristics. 
As borne out by the results of the available meteorograph ascents, at any rate 
in the lower layers, the tropi<uil 2 air has the highest dry bulb temj)crature, 
the extra-tropical, the lowest dry bulb and the equatorial, the highest wet bulb. 
The lapse rate of tomi)erature, on the average, is of the order 7-8 ' ( 7 km. in the 
extra-tropical and the tropical and 4-5^*' C/km. in the equatorial below the 
freezing level The moist transitional has also a fairly low t emperature lapse 
rate (5-6^ C/km,), which is, however, confined to the bottom layer in autumn 
and winter, extending upwards by degrees later. In this connection, it may 
be explained that, compared to the equatorial, the tropical, much warmer at 
the surface, must, by virtue of its high lapse rat/e, become colder above a certain 
level, which will be referred tn later as the ‘differential level’, the height of 
which increases as the season changes from winter to summer. Above this 
level, the tropical would therefore behave like the extra-tropical and present 

* In Fig^ 2, facing p. 594 of *»S'ci«rtce ami Cxdture* fur June 1937, ‘Equatorial South - 
oaaterliott* wore named ‘Tropical Oiuronto*. 

* Simulation of the tropical and the extra-ti-opical currouts in juxtaposition in the 
momiitg appoam to bo induced by the large diurnal ranges of temperature of the former, 
originating at the surface. 

® Over India tlie height of the freezing level ia of the order of 4-5 km. above mear> sea 
level all the year round (as found from results of sounding balloon asiwnts), 
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a moi-e or less typical cold front to the equatorial, while, underneath, it would 
lie on a slope of the equatorial, with the withdrawal of which it won hi simply 
subside and become heated further. 

^S'ea^onal growth of the air ’masses. ~~¥or a fulh^r appreciation of the fore- 
feasting problem, a knowledge of the usual evolution of tlie various air-jnaases 
in each seasoxi is necessary and an indication has already been given in Table I, 
The three principal air-masses, viz., the extra-trojueal, the tropical and the 
equatorial are, to varying extents, present all the year round witliin the limits 
of the region shown in the present weather ehai-ts of the India Meteorological 
Department. 

The main extra-tropical stream comes through Iran, Afghanistan and 
Baluchistan. Since, on the north and north-west, high mountain ranges 
separate India from the rest of the Asian continent, the How of this air into tlie 
tx)untry cannot take place in an unobstructed manner. It has to pass over 
mountaiiis and come down the b1o}ic 8 by katabatic process or descend from 
levels above the level of the mountains by subsidence in the widest sense. 
The subsiding air will apparently get mixed with the already existing air at 
lower levels by turbulenoo, while the cold air flowing down the hills will suffer 
a marked surface heating in the course of its further progress through tht^ 
country. It is thus obvious that the air in the surface layers can rarely be as 
cold in the interior of the country as in the sub-Himalayan regions. 

As summer advances, the tropical air- mass gradually grows, subsequently 
to be invaded by the equatorial. Accordingly, by the time of the onset of the 
monsoon the tropical becomes dominant up to great heights over practically 
the whole of western and upper India, while the equatorial sout h-easterlies take 
possesaioa of the Bay of Bengal. No data of the average rattJ of growth of the 
tropical air-mass are available. The following table may however be indirectly 
helpful in this connection. The data illustrate the fwjasonal lifting and lowering 
of a level of stratification. 

Tablk II. 

hftj/ers at wtMi changes 0 / lapse rate of temperature occur most frequently, {Meteorograph 

ascerUs at Agra, ptihiished in the India Meteorological Department 'Upper Air 
Data\ 1929 to 1931.) 



Jan. 

Fob. 

Mar. 

Apr. 

May 

Jutie 

July 

Aug. 

Sep. 

. 

Oet. 

Nuv. 

Height in km. 
above M.S.L. 

1-2 

1^2 

3-4 

i I 

4-fl 

6-0 

4-6 

3 4 

3-4 

i 

3-4 

3.4 

j j 

2-3 ' 


An indication regarding the seasonal growth of’ the equatorial upwards 
has already been given elsewhere.^ From the following table of normal vapour 


1 See p, 803 and Table XII of * Himalayan Meteorology*, by Sen and Chatterjee, . 
(Chapter 9 of *Bvere«t 1988*, by Hugli Ruttledge, I.<ondon, 1934). 
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preBstU’e gradients at the surface across the various coastal districts, a rough 
id<3a may be obtained f>f the increasing intensity of the ooiivergenoo of the 
moist and dry current s, at any rate in a shallow layer above the ground, between 
winter and summer. 


Tablk III. 


Horizontal Gradient of Vapour Presmtre acrofui the Coast, m6/100 k?n. {ElioVs Olimatoloffical 
Atlas of India ---Plates 70 to 87). 


t ’oahit . 

Jan. 

Fob. 

Mar. j 

Api'. 

May 

.Tvino 

,1 uly 

Aug. 

Sep. 

' ' " 1 

Oct. 

Nov. 

Dec, 

CoromnudKl ! 

1-8 

2*0 


:m) 

30 

1-8 : 

1*6 

1-2 

i*r> 

2-6 

1*8 

2*2 

Cirenra 

la 

1-8 

30 

3H 

3-9 

11 

0 4 

0*4 

Odi 

1*8 

2-2 

1*6 

OriHfta 

t'-f) 

2-U : 


4 9 

4-0 

1-8 

0 

0 

M 

1*9 

2*6 

1*8 



2-3 

20 

2-8 

1-6 

0 

0 

0 

0 

0 

1*7 

M 

KmI hlHUHl* 

2'5 

3-2 

58 

60 

3'2 

3r> 

1-8 

1*0 

2*6 

4*2 

4*2 

2*0 


Similar data for layers aloft are not yet available. In any ease the table 
shows how the suifaco gradients weaken with the gradual breakdown of the 
dominanco of the tropical air -mass inland. By the beginning of Juno, some 
parts, e.g.i Bengal and neighbourhood come wholly within one homogeneous 
equatorial air -mass and the vapour pressure gradient across the coast vanishes 
for all practical purposes, A (iorresponding premature loss of identity of the 
tropical air-mass over north-west and central India is prevented mainly by three 
factors, viz,> an intermittent arrival of fresh cold air at the upi)er levels followed 
by subsidence or mixing with the lower tropical air, periodic horizontal transport 
of fresh supplies of heated air across Iran and Baluchistan and surface heating 
of the lower layers over India. The role played by the tropical air in the 
mecbaniani of the Indian weather, as an intermediary between the equatorial 
and the extra- tropical, is obviously an important one 2. 

Developfmnt of heterogemity in — It is interesting to note that 

appreciable heterogeneity is introduced — 

(i) into the tropical air by the arrival of fresh cold air at high levels and 

its consequences; 

(ii) into the equatorial, by a horizontal transport of fresh monsoon air 

into the old monsoon air. 

The addition of new masses in the lield would modify the stream lines and 
coustujuently the discontinuities. It is therefore important to obtain an idea 
of the nature of relevant ‘cold waves’ aloft, which are often preceded by 
*heat waves’. An example of a heat wave, followed by a cold wave, is shown 
by the figures in Table IV^. 


I Burma aeomif* to hnvo iiw own appropriate tropical air-maae. 
s A tloJiunance of this masa bt^yond .luuo may cauao ft failure of the monaoon. 
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Tabj^b IV. 

Upper air temperatures over Agra ussocifUed with western disturhances. 
2dih April to \4th May, 


(*Upper Air Daia\ 1931, part 14, pp. 139-142.) 





Heat 

wave. 



Cold 

wave. 

Magnitude. 

Height 

1 

2 

.1 i 

4 

5 

6 

7 

8 

9 

10 

«kro. 

29th 

30th 1 

1st 

2n(i 

4th 

71h 

8tli 

14 th 

Heat 

Cold 


Apr, 

Apr. 

May. 

May. 

May. 

May. 

May, 

May, 

'XI 

(6-1) 

wave 


‘’A 1 

"A 

‘’A 


“A 


°A 

‘'A 

(8*6) 

lO-O 

232-5 

230-5 , 

232-0 , 

232-0 

235-5 

236-0 

234-5 

236-0 

-h3'5 

0-0 

9-0 ! 

242-0 

240-0 : 

240-5 

24 10 

242-0 

244-5 

241-0 

240*0 

+ 2-5 

4-5 

H*0 

249-5 

2490 

249-0 

249-0 

250-0 

25 PO 

247-6 

247-6 

H-P5 

- 3-5 

7‘C 

257-5 

256-0 ! 

257-0 

256-0 

268-5 

260-0 

256-0 

254-0 

+ 2-5 

^ 6-0 

0-0 

264-5 

263-5 

263-0 

264-0 

1 265-5 

267-5 

264-0 

259-5 

f 3-0 

* 8-0 

5-0 

272-0 

270-0 

272-0 

260-0 

270-0 

27 PO 

269-5 

267-0 

- PO 

- 4-0 

4-(^ 

279-0 

278-0 

279-0 

277-0 

278-5 

280-0 

278-5 

274-0 

+ P0 

- 6-0 

3-0 

286 0 

286-0 

286-0 

286-5 

287-5 

288-5 

286-5 

28P0 

+' 2-5 

-■ 7-5 

2-5 

289-0 

1 290-5 

291-0 

29 PO 

292*5 

292-5 

292-0 

284-5 

+ 3-5 

- 8-0 

2'0 

293 0 

206-0 

295-5 

296*0 

297-0 

297-5 

296-0 

289-0 

+ 4-5 

- 8-5 

15 

297-5 

aoo-0 

301-0 

300*0 

302-0 

302-5 

300-0 

293*5 

+ 5*0 

- 9-0 

PC 

302-0 

304-0 

305-5 

304-5 

; 306-5 

307-0 

304-0 

297-0 

H 5-0 

-- 10.0 

0*5 

307-0 

300-0 


309-0 

1 31P0 

31P5 


30P5 

+ 4-5 

-^10-0 

Surface 

310-5 

312-0 

.312-5 

313*5 

1 314-0 

314-0 

310-0 

305-0 

+ 3-5 

- 9*0 


It is interesting to note that the fall of tomj:)erature diie to the ‘cold 
wave’ was more than twice the rise of temperature due to the ‘heat wave’. 
In favourable circumstances, such as those governing the fall of rain through 
a tropical air column in the post-monsoon months, even pseudo cokl front 
phenomena may extend down to the surface 

The heat and cold waves at the surface are usually built up by the imssagc 
of one or more western disturbances. In the instance examined, the heat 
wave was most marked at the surface on the 6th May, 1931 and the correspond- 
ing cold wave on the 16th May (see Fig. 1). 

In the transition months, the subsidence of the extra-tropical and the 
consequent heterogeneity of the prevalent tropical over w'estern India c^n 
obviously reach quite low levels, while on the eastern side, the development of 
a ‘cushion’ of the equatorial air inhibits the process, the extra-tropic^al possibly 
spreading out laterally. In the circumstances, if the moist air-mass over 
eastern India is at any time to be moved away to make room for the tropical 
near the surface, it can only be done by an increased flow of north-westerly air, 
usually through the agency of a deformation field over Arabia. It may be 


^ Such ocourrotices often give a clue to the future he of the axie of » major 

deformation field. 
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FIG. I 

DEPARTURE. OF MEAN TEMPERATURE OF DAY 
4 (max* min), FROM nVE-OAY NORMAU 'F 
MAY 1931. 





WKATOKft SX)ttRCASTma In 


81 


mentiotxed that even during the monsoon the destruction of the ‘cushion’, 
i.e. a break in the monsoon, is usually associated with the activity of field C, 

IdentificcUion of the air-masses . — ^The fresh extra. tropical ia a distiruttly 
cold and dry cumuit and its advent is usually vrell indicated by progressive 
regional falls of both maximum and minimum temj)eratures. A few hints 
as to the practical methods employed for distinguishing the tropical and tlie 
equatorial currents and determining the trend of their interaction at the 
surface and aloft ai'e given below : — 

(a) Arbitrary critma . — 

(i) Tire isoploth of 20 mb. va})our pressure marks out tins boundary between 
pure tropical and equatorial air-rnasses. 

(ii) During May, for instance, maximum temperatures of or highei* 

for the tropical and or lower for the equatorial at the surface are a})pro* 
priate. 

(iii) The fresh monsoon air it» July has a maximum temperature of 
about 66 °F and a minimum of 68 at a height of about a kilometre and a half 
above M.S.L. (Normand’s criterion derived fnmi the data of Mahabaleshwar, 
4,534 ft. high). 

(iv) From 4.5 km. upwards the trend of the trajectories, on entry into the 
Indian region, usually indicates tlie air-mass: e.gr., north-westerly or north- 
easterly winds are extra- tropical; westerlies aiul south-westorlios, tropi<jal, 

.transitional or monsoon according to the time of the year; and south- 
easterlies, equatorial. 

(ft) Surface temperature changes . — A series of charts is drawn showing 
changes in periods of 24 and 120 hrs. in the maximum, minimum, dry i and wet 
bulb temperatures at the several reporting stations. All changes of the order 
of ±2°F in 24 hours in the first throe temperatures over the plains of India 
( i.e, the changes at the peak of the frequency graph of the usual day-to-day 
fluctuation) are ignored. The changes duo to katabatic flow over the sub- 
montane regions and the land and sea breeze effects in the coastal districts 
are duly taken into account. The regions, in which both dry and wet bulb 
or maximum and minimum temperatures are either falling or rising, are then 
separated out. In the charts showing the dry and the wet bulb changes the 
corresponding vapour pressure changes are also plotted. It must bo admitted 
that these charts give rise to knotty questions of complicated differential 
diagnosis, particularly in the presence of weather phenomena and patclies of 
stagnant and mixed air-masses. Nevertheless, it is found that significant 
and consistent changes in surface temperatures are connected with the activities 
of fresh air currents aloft. 

(c) Surface abnormalitiea . — ^The appearance and travel of appreciable 
departiires of the meteorological elements from five-day normals are often 

1 3m»ll changes in dry bulb temperature in shorter perioils not, easy to interpret 
os the diurnal range is high in India. 
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found to be helpful in determining the trend of movement of the equatorial 
atid the tropical up to moderate heightH. For example, when, in the absence 
of weather phenomena, a significant patch of negative maximum tenqxu-ature 
departures over northern India begins to move from south-east to north-west 
tile inference would be that the tropical air is being replaced by the equatorial* 

(d) /Surface horizontul ginidicwM*— The packing of isopleths of the several 
elements, partioii larly those of the wet bulb temperature and of vapour pressure, 
often indicate a. separation of the equatorial from the tropical. Again, except 
over extra-tropical India in winter and the submontane regk)ns in other seasons, 
fresh cold aii' is first observed at high levels and 1‘rcsh tropical and equatorial 
at the surface. Of the tropical and the equatorial, the hniner is observcal 
at the upper levels first. The isobars are therefore nearly always a good guide 
for the drawitig of trajectories of these two eurnmts. 

problem of forecdMting . — The bulk of the winter pitnipitation oroui’s 
in association with western disturbances, which usually originate in extra- 
Indian fields of action and may, for the present, be left out. In this pUjK^r 
attention will accordingly be (onfiried to the fonKUisting problem outside the 
winter season. 

If it is assumed that fresh cold air is never to bo found in the lower layers 
except over extra-tropical India in Muntor, the forecasting problem, in the light 
of the surface data, is reduced to a detei’mination of the interactions of only 
two air-masHCs, viz., the tropical and the equatorial. As explained already, 
however, (vide p. 77), the line of discontinuity between these two dominant 
currents at lower levels would soon attain a steady state and precipitation, 
unless traced to activities higher up, would be expected to bo very much 
restricted, mainly to hilly regions. During the monsoon even the fullest con- 
sideration of the saturated adiabatic laj:>se rate, with all the relevant trigger 
actions, such us auto-convergence i, intermittent sunshine, orography, etc., 
would at best lea<l us W distjoru rainfall of a fitful nature and in the other seasons 
no positive due could at all be obtained of the vast thunderstorm activity 
experienced over the country. In tdher words, no forecast, even of moderate 
to heavy rainfall or other pronounced phenomena, could be made by the appli- 
catioii of rigid reason to all relevant facts. If, in order to overcomf? this 
liandicap, particular forms of instability were to be examined, then daily 
aeroplane ascents at a number of stations to provide the upper air data 
necessary for the purpose, would be indispensable. Notwithstanding the 
absence ol' such arrangements, however, one cannot fail to perceive, in the 
pix'cipitation charts of different periods, marketl indications of ‘cold front’ 
effects in the upper levels, over one region or another, according to stjason. 
Nevertheless, no means iHung available of anticipating or even identifying the 
fronts straightaway, indirect methods of analysis of charts must be resorted to. 


) A vast i)f iTtousoen air often develops a line of cleavag<^ under strews of growing 
deformation fields and min oiMnim at disoontmuities of velocity. 
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Convergence fatterna . — The various layers of the atmosphere are normally 
eharactorised by seasonal eouvergence patterns of large dimensions. These 
patterns aloft are rather simple, consisting of deformation fields and other 
similar designs which arc most useful to the forecaster. An important one of 
these is the whirl, which may be regarded as a specnal case of the deformation 
field The daily weather charts show that symmetrical major deformation 
fields between a dry current and a moist ourrtmt form at moderate heights 
above ground and minor ones at low levels. 

It is well known that during each season weather phenomena over tlie 
[)lain.s of India have a marked tendency towards a parti<*u!ar cimfiguration. 
(^>nsequentiy, the most useful method of short period forecasting would be one 
whh*.h brings out this configuration from the seasonal discontimnlies at various 
levels. Our present practice, accordingly, (*onsists primarily in the drawing 
of detaik'd conviu'gence patterns at the several levels aloft, between air currents 
liavirig obviously tlilFererit trajectories. Although pilot balloon data, tele- 
graph(5d every day to the forecasting centres, are restricted to (> km. above 
the correspondence of the axes of deformation fields at different 
heights in a thick enough layer of the at-mosphere often gives important clues 
to the coming weather 24 - 1 20 hrs. ahead. 

The convergence patterns generally noticed besides the deformation 
fields are — 

(i) a southerly or south-westerly current striking the Himalayas and allied 
ranges and then diverging. 

(ii) a south-westerly current striking a dominant north-westerly extra- 
tropical or tropical current and then defiectiiig south-east wards. This pattern 
is often noticed over north-west India. 

(iii) a dominant soutli- westerly current striking a dominant south-easterly 
and giviirg rise to a southerly current oft«n producing thunderstorms, e.g., in 
the summer months in tlie Bombay Deccan and during the monsoon over the 
Punjab. 


1 While explaining popularly Fiohl IJ {vide Science and Culture^ March 1938, p. 459) 
to a iMiWSpapor roportor in ro8pt)nse to enquiries regarding? a trying sutninor in 1931, Bon 
used domewtiat difforout nomonolaturo m woidd be Bmux from the foltiwiug extra<d- whitdi 
appeared in the ‘Englishman’ {Calcutta) on the 8th Juno, 1931 1 — 

‘The monaoon i» at ‘p rose at engaged in making Burma a very wet ooxuitry and its 
fxirthor progress is being I'etarded by an inoonsixlorato fork of cold wind from the Himalayas 
between tlie prongs of which it is caught. Xhoro arc indications, however, that the fork 
will soon close wid there will be a fresh oiitbrnak in Burma f)r, in inoterological terms, 
a depression and after that our monsoon w ill hasten on its way to Bengal. ’ 

* The prfijections on the ground of axes of extension of correBpxmding deformation 
fields aloft and on the surface may bo within 100 miles of each other. The estimate is 
baaed on measuremeuts on small sxjale charts. The axes at very high levels appear to be 
shifted to the equatorial air sixlo in the summer months. 
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(iv) a northerly extra-tropical or tropical striking a dominant south - 
westerly current and becotniug south-westerly. This pattern is often noticed 
over t-he coast-al areas. 

Tile main underlying idea in the interpretation of convergence patterns 
is that two diflerent air (mrrents, while flowing side by side some distance in the 
same direction, develop \indor stress a band or axis between them, characterised 
by marked vorticity * . If this pattern has sulfieieiit thickness, conditions 
become 1‘avourable for weather phenomena along the axis. The charactei' 
and intensity of the phenomena naturally dejiend on whether the vorticity is 
between the tropical and the extra- tropical, the equatorial and the extra- 
tropical oi* the equatorial and the tropical. As a rule, the first case results in 
duststorms or dry thunderstorms, the second in severe thunderstorms with 
abundant rainfall and the third in thunderstorms of a minor type with liglit 
rain. It is thus obvious that the seasonal dispositions of these axes at the 
various levels and their migrations from normal positions would greatly bear 
upon the type and distribution of weather to be expect(^d. The study of the 
situation would bo I’urther facilitated if it is remembered, as observation shows, 
that the momentum of the flow of cold air in a general deformation field above 
the differential level shapes and guides to an appreciable extent the conver- 
gence pattm’iis in the fields below. 

Mechanism of weather over India, — General deformation fields. — The main 
seasonal |)haso8 of the wind structure and weather over India are easily ex- 
plained by the linear and angular oscillations of four general deformation 
fields, viz., field A over India (in the iion-nionsoon months), field B over China- 
Burma region (in the momoou months), field C over the Arabian region and 
field X in the southern hemisphere (see Figs. 2 and 3). With due regard* to 
the intora(^tions of these fields, it can be more or less clearly pictured how their 
positions and vertical extent will determine the distribution and character 
of weather in the Indian region, at any given time. It is observed that in 
winttw, field A is dominant over the country and in the monsoon field B, while 
during the transition months, both A and B participate, the extenial influences 
in all the seasons being exercised by fields C and X. It is particularly interest- 
ing to study the jiarts played by the diftei'cnt fields during important changes 
of swison. In connection with the onset of the monsoon, for instance, the 
characteristic events are that field A gradually vanishes, that field G apparently 
moves southwards and sometimes has its axis of extension running from SW to 
NE over the Arabian Se« and that field B is mom or less over Burma. At the 
same lime, au intermittent swaying of the axis of extension of field X, appa- 
rently associat^ed witli mid -winter conditions over the southern hemisphere, 
leads to a x)eriodical delivery of huge masses of cold and moist air at the equator. 


1 It in iug to note that the orography of Chorrapimji is on the linos of a homo 

shoo with extenaiotiH on both giving the impressioii of tho axis of extension of a 

(ietorination held. 




(0 tn 

9 ^ CO- 

Z ^ ^ 

^<%o § 

JJ<^ -D 

CL ui ^b 

S: ® N 

D Q£ “ 

ul 

o I 

Z 

Z Jj 

o ^ 


i Ijf 

iUU u 

a: 1^ / \ N \ *v V \ ' 

A/^ ^ , 


/'? 

' / 




x's. \. \ x; 

/ J- s'n N N '? V 

^ V sN'vX^Ox '^•v ■' 

X/A' i ^ ' 

rXVf /V / \ '; \ \ \ \ v\ ' 

L/ /V/ / I • : \ \ x6V 




X-^'STVv * V'sj'X vW V'. '* 

X/X /• i \ ■^•'‘\\\\\\ \ J 

»>-/ >ry / n'.\\\\ xoN X. y 

"A.s -'IX- / ; ! I \'^^- — 2 

> .♦-Tj / // (t^r \ r 1 

\ :•• A / F/^V! • 

C*y^/rfX' '. 

/ jPr^. ^-— . 

■' '• v^X-. 

\ - 4 . -- 


V n 


NoTBB;— 3 . iSym>>olfl used arc thc) BameaR thoBo in fii^re 3, 5 . The winds over Vinh (Lat. 18^40' N, Wig, U>5°40' K) and Vientiane (Lat. 17W IS, 

2. Winda at iiill stationa about 1*5 km. high are shown by thin arrows. Long. 302°36' E) refer to 1*0 Ion. and 1*3 km. respectively. 

3. Direction {)f motion of Cb cloud is shown by dotted line ending at station circle. G. The wind over Aden (X,-at. 12*40' Long. 43*02' E) is the normal i-osultant wind at 2*0 km. 

4. In the aflonioon Tropical and moist transitional currents penetrated into the extreme 7. The wind over Borbera (Let. 10*22' N Long. 45*02' E) is the prevailing wind at 1*0 km. 

nortli of the country where witlespread thunderstorms occurred by following morning. 
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If the preparations for tlie monsoon start early, t.e. if, for instantjc, field A is 
definitely destroyed by May and field C shows a prematunj and frequent 
dominance with its axis of extension over the Arabian Sea, the ail vent of the 
monsoon may also be expected, as a rule, to be early. 

Methods in pradice , — Ah already pointed out, important <levelopment 
of weather in India is to be ex{)ected mainly along the axis of extension of a 
defoimation field (between any two of the three principal air (‘urrents), in and 
around whirls, and over regions of auto-(ionvergence and velocity.dis<Jontinuity 
in the equatorial current, especially during the monsoon. In drawing these 
patterns the only method available at present, to verify the identity of the 
different air-masses, is to correlate, as far as possible, the regional clianges in 
upper winds with those in the surface elements belf)w. As is well known, 
however, a correct interpretation of the latter is notoriously difticult. For 
example, a fall in the maximum temperature may be <iue to suitable 8|)ell8 of 
cloudiness, katabatic flow of cold winds, arrival of fresh extra- tropical air, 
rain through tropical air, thunder or dustst/orms, transport of fresh equatorial 
air into regions originally under the tropical, or mixing of different air-masses 
at the surface. There arc similar difficulties in respect of the variations in 
other elements. Efforts are, however, made to get at the real sequence by 
working out and examining, besides the changes in 24 hours, which often 
represent only local fluctuations in the field, 120 hours’ changes, which generally 
indicMe the regional trend. It is by this and similar means and through a 
process of gradual elimination in the light of the life-history of each air-mass 
that a reasonable oorrelaton of the changes in the surface elements with those 
in the upper winds can be rendered feasible and necessai y inferences drawn, 

Among the factors helpful in the analysis of charts, a marked divergence 
of trajectories in an air-mass is of particular utility in determining the position 
of the stress axis. A sudden increase in wind speed, in the same horizontal 
plane, often indicates the presence of discontinuity, while significant patches 
of ‘present and past weather', with proper reference to the upper wind distri- 
bution at each level, are of great use in defining the prevailing patterns. It may 
be noted here that the axis of a major deformation field within the Indian 
region has been found to have a marked tendency to run more or less parallel ^ 
to the coast. Even the auto-convergtmcc? lines show this preference during the 
monsoon. In actually drawing the convorgence patterns the charts are tfiken 
up first from low levels upwards, t.e. from 0*5 km. level to 2 km. or so, referring 
to the isobario chart as a rough guide and then from high levels downwards, 
viz,, from 6 km. to 3 km. taking the wind directions at source regions as the 
criteria for distinction. The finished patterns are then viewed, so to say, 
from above, as if the whole series was arranged on a ‘ cake stand '. In making 
out the patterns between 2-4 km.* a knowledge of the heights of the differential 


1 The lie of the stress axis of a major deformation field witliin India i« either 
to KW or fipom SW to NB, which, it appears, are the stable positions. 
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levels over various regions is necessary, so that the * cold fronts ’ may be loc-ated 
but, in the abseru^e of up})er air data, it is not always possible to gain this 
knowledge. Nevertheless, the data in Table II, the extent of subsidence of the 
tropical and tlie extra -tropical ^ (stnui from the mode of desc^ent of convergence 
patterns), the character and intensity of weather along the axis of extension 
and the psrticulars of failure of forecast may furnish a woiking hypothesis. 

In P'ig, 3, a (^oncTete example is given of the method followed in the 
drawing of convergence patterns. 

The important auxiliary charts given in Fig. 4 an^ self-explanatory. 

The first important point to notice is that a cold wave started at the 
frontier in the roar of a western disturbance on the 23rd April, 1934. Tempera- 
ture fell over Balucbistan and the ‘zero line’ in Fig. 4 (r) appeared over the 
frontier. This cold wave was later augmented by others in the wake of fresh 
western disturbances. Moreover, diseoniinuities in the lower levels caused 
rain over the western Himalayas between tin? 23rd and 2r)th April and the 
consequeui cooling further reitddrced the cold wave. The (consecutive positions 
of defects of ‘ mean temperature of day ’ from the normal by about S'^F are 
shown on the (thart. The bifurcation of the cold wave at the surface in its 
south-eastward travel was a|)parent from the consecutive |)Ositions of the 4''F 
line (not reproduced) and approximately indicated the probable lie of the 
stress axis. The ‘zero line’ ran from Assam to Malabar by the 30th April. 
A major deformation field which is shown in Fig. 3 appeared at 3 km. Its 
base was about 15 km. above mean sea level and the top reached higher than 
0 km. Tlie associated occurrenee of fog along the Mekran and Kathiawar 
coasts is significant. 

The configuration of isotherms in Fig. 4 is almost a ‘shadow bn tlie ground 
of the general deformation field aloft. Fig. 4 (d), representing the. changes 
in wet bulb tem[xirature in 120 hours, shows how the invariant character of this 
element heljied in demonstrating that the source at the north-west frontier 
was connected with the seats of action in Assam and the Peninsula. In cases 
like tliis the growth and ultimately the dominance of dry air to the north 
of the axis of extension, in spite of the minor fluctuations occurring throughout 
the field, is the most remarkable feature and often serves as the chief basis of 
analysis. 

The comparative constancy of wet bulb temperature is of particular help, 
w hen, owing to circumstantial {XJeuliarities, the general response of the surface 
elements to the legional changes in wind directions above is either blurred or 
wholly masked. Such instances are happily not many and are mainly 


1 Tu thinj connection it is to l>o remombored that, while flowing over the equatorial, the 
tropical goes head forward, i.e, the upper layers are in advance of the lower layers. In the 
case (»f the extra-tn^pical however conditions are reversed. Xhis is incidentally one way 
of distinguishiiig the tropical from the extra-tropical simply with the aid of the trajeoiories . 









WEATHEE FORBCASTINa JTK INDiA. 


87 


FIG. 4 




rn*Vl^ or «OFL(Th» Of NlbATIVt Ol.rA«YU«tt of mi am TtMOtMAtunt Of 0*>V, 
♦*««),♦> OI-AlfM MCIAMAV »**• AMO «*’: AAAtl. ISJA. 

ro TMS HOMTH Of tMI KIMO AtMt TAWtfA«A-ruMW Wt-Al OKLOW NOKMAt- AM# TA TMl 
0OUrWAliav& HOMMAU on tui^ OATAt SHOWN ACAIMST EACH WtHS, 

TMfc HOMMAI,* Of TANA*MatMA«» mu f*A COMI*ANl*ON ON A»V OAV OfftO TNt 
OtMOARt t'OAW OCKtOO* IN WMI«M YHt OAOtWOLA* SAY L<EI, IN THt OOttAMT CA»i. 

nOMMAkl AON AMA OIMiOft* »Ol? TO %V^ AMO nTt TO KjOT ATHtL HAVA OAAM M1«Q, 


associated with the formation of feeble depressions, particularly during the 
monsoon or after a succession of storms. The following case is illustrative. 

On 18th June, 1938, a feeble depression formed in the Bay of Bengal 
off the Orissa coast. The regional changes in the wet bulb temperature and 
relative humidity are depicted in Fig, S. 









WBATHKE POHBOASTING IN TNinA. 

It m seen from Fig. 5 A that the wet bulb temperature changeH in 120 
lioufH were slight. The tongue in northern India, over which wind shifts 
aloft were most marked, was nevertheless significant inasmuch as it could 
be regarde<l as part of one system, neglecting th a falls over the coastal areas, 
which were obviously due to other causes. It is also noteworthy that relative 
humidity fell over northern India (Fig. 5B) in spite of rain. 

From what has btVen said in the preceding paragraphs it will bo clear that 
even in the absence of upper air temperature data, the method of drawing 
convergence patterns is more or less rigidly defined, leaving little rooni for 
personal predilections. The latitude that there may be is still further restricted 
by the daily verification of forecasts and the consequent redrawing of the old 
fields. 

The establishment or dissipation of a major deformation field, as known 
from ex|)erionce, usually takes about five days. As all veather phenomena 
are essentially associated with the activity of convergence patterns, it is evident 
that, with the mode of analysis recommended, general forecasts or ‘outlooks’ 
5 days ahead can be (considered to be a practical proposition. The scope of 
such forecasts is all the more widened in the case of depressions and cyclonic 
storms the formation of which, as the present method of analysis shows, I'csults 
from the convergence of three air-masses, that is the interactions of two defor- 
mation fields 1 with tlieir axes of extension suitably inclined to one another. 
Thus, for instance, during the usual break in the monsoon proceeding the forma- 
tion of a depression in the Bay of Bengal, the typical warm spell over northern 
India arising out of the importation of the tropi(sal by field 6\ as also the active 
monsoon which pi*evail8 in Bengal during the reinforcement of fi(dd /?, is likely 
to last about five days and (^an usually be foreseen. Similarly, after the 
depression htvs formed, a spell of bad weather for 5 days can be indicated over 
certain regions. 

Summary of important points . — ^For forecasting purposes, leaving out 
periods of cyclonic storms in the Indian Seas, the following points should Iw 
noted ; — 

(a) In winter the Indian region is dominated by field A , field C also becom- 
ing active when a western disturbance is approaching Baluchistan. Field B 
meanwhile displays oc(3asional activity over Lower Burma. The lie of the 
axes of extension of these fields enables one to forecast weather 24 to 48 hours 
ahead, the period of forecast for any region usually depending on the thickness 
and persistence of the field concerned. The activity of the north-east monsoon 
is closely asso(3iated with the axis of extension of field A, when over the south- 
west Bay of Bengal, and a revival may be foreshadowed, sometimes, about 
5 days ahead. 


1 In Juno Il>38, for instance, no depreauion formed in the Bay of Bengal until field 
V extended an arm to tJie field B. It may bo noted bore tlmt when the tliird air-maew 
arrives there may ©von bo a rise of pressure initially. 
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(6) Tn the Humnier mcmths the governing fields are A, B and C, the first 
of which gradually loses control with the rise of the differential level. Taking 
advantage of the probable lie of the axes of extension of the general deformation 
fields, 

(i) forecasts (.)f rain over the western Himalayas, the south of the 
FeninsuJa and Assam may sometimes be issued about 5 days ahead; 

(ii) widespread nor’ westers in Bengal, considering particularly the activities 
of fields A and B may bo forecasted some 8 to 48 hours in advance. 

(c) During the motmoon period, the simultaneous activity of fields C and B 
gives widespread rainfall over the country, as the resulting whirl is generally 
over the central parts. The activity of field C alone, witJh the axis of extension 
running over Arabia, and Iran, gives rise to a ‘break’ in the monsoon, owing to 
the transport, under stress, of large masses of tropical air into northern India. 
It is an occasion, when, with the withdrawal of moist air, subsidence of tropical 
air takes place on a large scale. A favourable lie ^ of tlio axis of extension of 
field however, may cause heavy rainfall along and near the west coast. 
Field B, by itH<;lf, affects mainly Tenasserim, east and nortli Bengal and Assam, 
the intensity of weather over which regions is well known. An important 
problem in this season is to indicate'^ the duration of wet spells and of breaks. 
For these, fore(ja8ts may usually be issued 48 hours in advance. 

It may be mentioned here that orography in general (excluding the extra- 
ordinary features, such as the Himalayan ranges, the Cherrapunji region and tlie 
like), w hile it does play some j)art, presum bly in the adjustment of the axes 
in lower layers, cannot be held responsible for any main feature of precipitation, 
because its behaviour is appreciably inconsistent in apparently similar circuin- 
stancos. 

(d) In the retreating monsoon jieriod field A is gradually re-established 
and field X retreats further away from the Indian area. Weather may be 
predicted about 48 hours in advance, as a rule. 

In winter and summer small whirls often travel across northern India 
from west to east. At the height of the monsoon, the tropical air may not often 
reach the sea areas and whirls may form inland and travel from east to west. 
In the retreating monsoon period there is often a family of whirls affecting 
the weather over the country. All these may be associated with minor and 
subsidiary deformation fields. Weather associateil with minor and subsidiary 
fields may be predicted only 8^-24 houre ahead. 

As regards conditions associated with cyclonic storms, the following points 
are noteworthy : — 

According to the present method of analysis Indian cyclones arise out of 
the interaction of two deformation fields (three air-mosses) a study of which 


1 €?f. tho early motwoon on thn west coast this year and the associated heavy rainfall 
b) Gujarat on th« 13th Juno. 
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should make it possible to predict the apj>earance of unsettled conditions 
alK)ut 48 hours in advance. When the cyclone is formed, the forecast of its 
intensity and direction of motion should similarly be possible some 48 hours in 
advance. Taking advantage of the statistics collected so far, the rainfall 
patterns and the typical regional spells of bad weather, associated with 
cyclones in different seasons, may be predicated in a general way about 5 days 
ill advance. 

The various points touched upon in this paper are under further study 
and are expected to be discussed in detail later. 

DiscirsHXON . 

President'. 1 would like to ask whether the line oi* extcusiou is a front ^ 

Mr. aS\ Basil : What do the 120-hour8’ changes represent ? Are they the 
differences between the first and the fifth days’ values or do they take into 
account the trends of variation in the intermediate days ? 

Mr. V. V. Sofumi: How are the air -masses over the United IVovinces 
and north-west India, wlu(*h are designated as ‘extra -tropical air’, identified? 

Mr. K. P. Ramakrishnan : It is stated in the pajier that one of the methods 
by which cold air can reach the surface is subsidence. Was the air originally 
MO cold that, even after the lieating due to subsidence, it could still remain 
colder than the rest ? 

Mr. A. K. Roy: The distinction bi^tweim thunder-rain and thunderstorm 
with light rain is not quite clear. Does it mean that rain in the fiist cose is 
of thunderstorm type but is not actually associated with thunderstorm ? If so, 
it is not clear why an interaction between the equatorial and the extra-tropical 
should be less favourable for thunderstorm than that between the equatorial 
and the tropical. 

Dr. 8. N. Sen: The line of extension is a front. 120 hours’ changes arc 
the differences between the first and the fifth days’ values. The extra-tropical 
air over north-west India and the United Provinces is, in tlie absence of upper 
air temperature data, identified by watching the regional changes of dry bulb 
and wet bulb temperatures at the surface, together with the up^ier winds. 
At the beginning of a spell of subsidence temperature at the surface may not 
fall, it may even rise; but, with the progress of subsidence, due to fresh supplies 
of cold air, there is, eventually, an appreciable fall of tem|)eratnre at the 
surface. Convergence between the equatorial and the extra-tropical results, 
as a rule, in more intense thunderstorms than that between the equatorial 
and the tropical. This point will be suitably explained in the published paper. 
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By S, K. Pkamanik, Mt^temological Office, AUpore, OalcuUa, 

(Mead at Symposmm, July 25-20, 1938.) 

1. Tho Nor’westors or Kalbaisakhis (calamities of the month of Baisakh) 
are severe thunderstorms whiOi occur in Bengal during the summer months 
March to May, some of which reach tornadic violence and cause considerable 
damage to property and sometimes even loss of life. The wind in thesr^ 
thunderstorms comes generally from some north-westerly direction and hence 
they are called * Nor ’westers In some cases, funnel-shaped clouds charatv 
teiistic of tornadoes havo been noticed. 

2. In order t-o be able to forecast the oocurrenoe of Nor’ westers, it is 
necessary to have an idea of the mechanism of these phenomena and of the 
conditions necessary for their oocurrenoe. 

3. This problem has been engaging the atteut»iou of Indian meteoro- 
logists from a long time and Blanford,^ Eliot, 2 Normand,^ Roy and Chatterjee,^ 
Sohoni,® Sen,® Das,^ Desai and Mal,« and Sur and Chatterjee ^ have 
considered the question from difierent points of view. It is generally agreed 
that the Nor’westers are not ‘local heat’ thunderstorms. This a.ppears tt> 
have been recognized by Eliot as early as 1876. They also do not occur when 
the whole of north-east India is overrun by one air-mass, i.e., during 
winter when west to nortii-west winds prevail and during periods of strong 
monsoon when moist winds from the Bay prevail . They occiir mostly during 
the transition period from the winter season to the rainy season, i.e., w hen 
two different air- masses, west t(» north-west winds of land origin and moist 
winds from the Bay, co-exist over Bengal. 

4. Different explanations of the geueratio!i of the Nor’westers have been 
given by various authois. Roy and Chatterjee advanced the view that 
Nor ’westers originate through the overrunning of a warm moist southerly 
or south-westerly current by a w^esterly or north-westerly cold air with a high 
lapse rate. They an'ived at this view by a sttidy of some meteorograph 
records obtained at Jhikargaeha earlier in the same year. They found 
that the conditions under whic?h Nor’westeis occurred in Bengal were similar 
tfO those giving rise U> tornadoes in the Mississippi vaDey of the United States 
of America. They further suggested that the marked rise in the absolute 
humidity of the southerly wind in the afternoon, which they found from the 
ascents, was the cause of the more fttjquent occurrence of NorVesters during 
afternoon than during other times of the day. Sen suggested that Nor’westers 
are due to the katabatic flow^ of cold air wedges from the eastern Himalayas 
advancing along the valleys and undercutting moist southerly winds over the 
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plains of Bengal. Sohoni deecribed the weather types associated with Nor’- 
weaters. He found that Nor’ westers occurred mainly when there wm a passage 
of a depression or low presHUj-e wave towards north -eaat India from the west 
and when there was a strong west to east pressure gradient over Jiengal. 
Both these conditions, it might bo mentioned, would be favourable for the 
How of southerly moist winds into Bengal from the Bay. He concluded that, 
in the majority of cases, Nor' westers are caused by the overrunning of moist 
warm air by a cold air with high lapse rate, which view had already been 
advanced by Roy and Chatiorjee. He thought that the occurrence of Nor’* 
westers near and aftc^r sunset, some hours after the maximum insolation t^ffect, 
might l>e due to radiation. Das suggested a close analogy between the mecha- 
nism of Nor’westers and that of cold fronts. He supposed that the cold 
air was lieaped like a mountain near the foot of the Himalayas which breaks 
into two parts, one moving initially towards the east and the other towards 
the west. Its further movement would then be influenced by fritJtion, the 
orography of the country including the slope of the ground, the temperature 
contrast, the deflective force due to the rotation of the earth and the prevailing 
wind. He thought that the cold air advanced in the form of a * squall head * 
and calculated the velocity to be exi>ected on certain assumptions, This year, 
Desai and Mai have studied tlie mechanism of afternoon Nor’westers. They 
agree that the corulition just at the moment of starting of the Nor’westers 
is the same as that visualized by Itoy and Ghatterje^e, They do not, however, 
agree with Roy and Chatterjoo that the upper air is generally potentially 
colder than the lower air, and think that the sujwradiabatic lapse rate is neither 
the characteristic of the upx>er air nor does this high lapse rate occur except at the 
time of starting of the Nor’ wester. They start with certain assumptions of 
lapse rate and distribution of temperature in air, and work out the effect 
of insolation. They find an inversion in the morning near the separation 
layer which would prevent occurrence of thunderstorms as long as this is 
present. They also find that if the insolation is sufficient the convection 
currents would move up and ultimately wipe off the inversion. At this stage 
gi*eat instability would result at the separation layer, which would cause the 
cumulus clouds and the moist air current to shoot up with explosive violence 
causing a rapid descent of the upper air thereby generating a Nor’wester. 
Recently Chatterjoe and 8ur have described the results of the ascents of Clown 
Balloon and Dines ’ meteorographs at Jhikargacha in April and May 
1929. They found that in this season dining the morning there was an inver- 
sion betwetui 0*5 and 1-5 km, (which Desai and Mai concluded should exist 
on the premises they started with) with latent instability in the atmosphere 
almve. This inversion may persist in the afternoon but is often wiped off. 
They found that the existence of latent instability was necessary for the 
occurrimce of thunderstorms but the converse did not hold. They also found 
that the cooling in the majority of the oases could be attributed to the descent 
of cold air from above, though in some cases they found that the air could only 
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have come from some neighbouring region of thunderstorm. They also 
thought that this cold air of a neighbouring thunderstorm could initiate a 
thundt^rstonn. 

5. The mechanism suggested by Roy and Ohattorjee and Sohoni appears 
to require that the Nor 'westers should occur at all hours of the day instead 
of the majority of them occurring during the afternoon only, since the two air- 
masses are present over Bengal throughout the day. Objection to Sen’s theory 
of undercutting by cold easterly Himalayan air flowing down the va lleys is that 
Nor ’westers often occur wiien there is practically no easterly or northerly 
current flowing down the valleys and that there is also no time sequence in 
the occurreiue of the Nor 'westers. It may, however, bc^ mentioned that on 
some occasions some of the Nor 'westers can appai*ently be atti'i bated to this 
cold Himalayan air. Objcc^tion to Das’s theory that tlie phenomenon is similar 
to that of cold wave of tem])erate latitudes is the absence of their occurrence 
along a front and the absence of time sequence in their occurrenc^e which one 
should expect from this. It may, however, bo pointed out that we get north- 
easterly winds iji lower levels at Gaya in the morning on some days when 
Nor 'westers occur. Desai and Mai agree with Roy and Chatterjee as to the 
mechanism at the moment the Nor'wester starts. They have explained how 
this great instability is reached at that moment due to the effect of insolation 
and did not exist before. They have also accounted for the temperature 
changes on the ground on this basis. One will, however, have to see how fai- 
their theory can explain the actual data of up^)er air collected by meteoro- 
graphs. It is also doubtful if the late occurrence of Nor 'westers can be attri- 
buted solely or mainly to radiation as 8ugge8te<l by Sohoni and l>esai and Mai. 

6. It appears that while some of the Nor’westera may be due to the action 
of cold fronts or undercutting by cold easterly Himalayan air the majority of 
those which occur in the afternoon depend on some insolation eff’ect. In the 
morning there is an inversion between 0*5 and 1*5 km. with moist air below 
and dry air above, generally with latent instability. The efliect of insolation 
is like heating unequally a slightly inclined layer of liquid from hakm with the 
result that convection currents rise irregularly over the country. With the 
advance of day and greater heating, those currents go higher and higlier, and 
if the heating is sufficiently great they reach the inversion layer which is wiped 
off* causing marked instability at the boundary layer. Convection currents, 
when they reach this layer, shoot up with explosive violence causing a rapid 
down flow of the upi^er air thereby generating a Nor'wester. 

7. It would seem, as a consequence of what has been stated above in 
§ 6, that the occurrence as well as the intensity of afternoon Nor’westors would 
depend upon the height of the inversion layer and the amount of insolation. 
If the inversion layer is low, wiien it is wiped off by the convection currents, 
the instability at the boundary will not l)e large and as such there will be 
cumulus and cumulo-nimbus clouds w*hioh may even be accompanied by a 
mild or a moderate thunderstorm. When the inversion layer is high and when 
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the coiiveotion currents roach this layer, the instability produced will bo 
groat and there will be a violent thunderstorm or Nor* wester. Tt may be 
mentioned that the chances of the convection currents reaching the inversion 
layer will l>e greater when this is low than when it is high ; hence occasions of 
occurrence oi’ cumulus and cumulo-nimbus clouds, which may or may not be 
ac('OTnpunicd by mild or moderate thunderstorms, will be more numerous than 
Nor’w('8terH. If this mechanism is correct, we may also have a sort of basis 
of forecasting of Nor 'westers if we could find out the height of inversion layer 
in the morning and also form an estimate of the maximum temperature likely 
to be attained in the afternoon. For in this case we may be able to form an 
estimate t)f the height to wliich convection currents will rise and whether they 
will reach the inversion layer or not. If the inversion layer is not reached 
there will only be some cumulus clouds, but if this layer is reached then there 
will be mild thunderstorm or a NorVester according as the height of this lay >r 
is low or high. 

8. There is often a lag of some hours between the time of rnaxiinum 
insolation and the time of occurrence of thunderstorm in the majority of the 
cases. Some lag can be due to the fact that time is i*oquired for the effect of 
maximum insolation to reach the inversion layer. The lag of some 4 or 6 
hours or more camiot, however, be probably due to this cause or, except in 
some cases, to radiation. Chatterjee and Sur found evidence that the flow 
of cold air from a neighbouring thunderstorm could start another. There 
may be a state of affairs when the inversion layer is liigh and the insolation 
is not aufficiont to raise the convection currents up to this height and wipe off 
the inversion, but is sufficient to leave warm moist air up to a little distance 
below this height. The cold air from a neighbouring region where a thunder- 
storm has occurred earlier flows out and undercuts the air at the place and 
roisfis it so that it reaches the boundary layer, causing sudden great instability 
and generating a Nor’wester. As the height of the inversion layer in a case 
like this will generally be high, there should be a tendency for the Nor'westers 
in this case to be severe. 

9. Bur and Chatterjee found that in all coses when thunderstorms occur- 
i*ed there was latent instability, but about two-thirds of these ascents relate 
to a short period before or near the time of the thunderstorm ; so it is possible 
that some morning ascents may not show latent instability but with the 
advance of day moist air may come in and give rise to latent instability and 
thunderstorm in the afternoon. It may also happen that, as was actually 
noticed by Bur and Chatterjee in one case, there might bo latent instability in the 
morning but no latent instability in the afternoon. Cases like this are, 
however, likely to be few. Sur and CJhattorjee also found in a few oases 
that there was latent instability even in the afternoon but no thunderstorm 
took platie. In these cases it may be that the convection currents could not 
rise high enough to reach the boundary layer. Nanxiasto found that simila r 
eases ooournMi in America. He applied the method of kantropic analyak of 
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the flow patterns in the tree atmosphere, as he believes that a fairly <x)mplete 
picture of the mechanism t^aii be obtained by this, and he found tliat it held 
out the hope that all such thunderstorms, if not all summer precipitation, 
could l>e forecast with a much greaUu* degree of a(*curacy. A network of 
aerological stations taking daily readings of tem}je!ature and humidity 
would he necessary for j)urposeH of isentropic analysis and as such this method 
cannot at present be applied to the problem of Islor’ westers in Bengal. 

10. The conditions which appear to be necessary for afternoon !Nor'- 
westers ai’e given below :~ 

(i) Supply of moist s<3Utherly air from the Bay of Bengal. It should 

be fairly thick, say from 1*5 to 2*5 km., but should not be too 
thick ; otherwise the resultant effec't might be the same as if there 
was only the moist air-imiss present when no Nor 'wester occurred. 
The surface conditions favourable for tliis flow of moist air are 
a low and west to east pressure gradient over Chota Nagpur 
or neighbourhood. It sometimes happens, however, though not 
often, that the circulation at higher levels is considerably 
different from w hat one would expect from the surface conditions. 
In this case it is the circulation in the up])er air and not the 
surface condition whk^ is the determining factor. 

(ii) There should be a westerly or north-westerly dry air with a fairly 

high lapse rate flowing over the moist southerly air. 

(iii) There should bo latent instability. 

(iv) Cold easterly Himalayan air down the valleys of north-east Bengal 

and north-easterly winds at lower levels from north Bengal are 
favourable but do not appear to bo essential. 

If the above conditions occur, NorVesters are to be expected. The 
forecast has, however, to be issued in the morning and for small axeas and it 
is difficult to anticii)ate tbe changes likely to occur during the day and to 
estimate the conditions in the afternoon and as such it does not api^ear possible 
at this stage to state definitely what conditions in the morning are sufficient 
to give rise to Nor' westers in any particular part of Bengal. 
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Discussion. 

Mr. Doraisnmmy Iyer : Has Dr. Pramanik made any attempt to forecast 
weatht^r 48 hours or more ahead with the help of the upper winds and, if so, 
1 wt)uld like to know the results obtained. Has the relation between the 
strength of the upjKM* winds and subsequent weather in north-east India been 
worked out, in addition to the relation between the direction of the upper 
winds and subsequent weather. 

Mr. P. R. Krifikna Rao : The time interval between the occurrence of 
the Nor 'westers and the time of maximum surface temperature may be due to 
the time taken for the turbulence effect to extend upwards by eddy conduction 
to the boundary layer Ikj tween the two airrmasses. The actual time interval 
on any day would dei)ond on the height of the boundary layer and the value 
of eddy conductivity. 

Dr. Roy \ Hot weather local storms such as Nor’wTsters in north -east 
India {KaUBaiHolchi) and duststorms in north-west India (Andhi) are, I believe, 
essentially thunderstorm phenomena, The difference between a ^^or'woster 
and an Andhi is obviously due to the difference in the amount of mois- 
ture that plays part in the two phenomena. The observations made by 
Mr. Chatterjee during the Jhikargacha expedition have provided us with the 
following valuable results: — 

1. The free air in Bengal during the months of March to May is charac- 
terized by the presence of an inversion in the morning and forenoon at heights 
varying from 1*5 to 2-5 kms., which weakens or disappears in the afternoon 
by heat convection. 

2. The air-mass below the inversion is a southerly moist current from the 
Bay of Bengal and that above it is a dry westerly or north-westerly current of 
land origin. 

3. One essential condition for the occurrence of a NorVester type of 
thunderstorm is the acc^entuation of the southerly moist current. 

4. Superadiabatie lapse rates appear in the air-mass near the inversion 
level during the oocuirence of a Nor’wester. 

5. Nor’westers are more common in the afternoon and evening. 

The western disturbances which travel eastwards through the centre of 
India as low pressure areas are usually the agents which are responsible for 
the strengthening of the moist Bay current. A weakening or the disappearance 
of the inversion is, however, essential before a thunderstorm phenomenon of 
the NorVester type can occur and this is effected by heat conveotion due to 
surface insolation. This fact probably explains why NorVesters are more 
common in the afternoon and evening than at any other hour of the day. 

The appearance of superadiabatie lapse rates in the dry n£w*th-westerly 
land air above the moist air is apparently responsible for the violent character 
of NorVester squalls. It is, however, difficult to imagine that air-mass with 
superadiabatie lapse rates could persist for any length of time. There is, 
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therofote, little doubt that the occurrence of superadiabatic lapse rates in a 
Nor* wester is a temporary phase and yet important in explaining the sudden* 
ness of the phenomenon. It is conceivable that the initial heat convection 
causes precipitation which evaporates in the free air and cools it. Such cooling 
near the top of the moist air-mass would give rise to temporary superadiabatic 
lapse rates. 

Dr. Normand : The necessary conditions for Nor ’westers, as summarized 
at the end of the paper, are in agreement with the views of most other workers 
on the subject. Perhaps too much stress has been paid to the inversion layer 
and to the suggestion (in one of the diagi*ams shown) that the inversion layer 
is converted without change of height into a layer of great instability. Once 
you grant latent instability as the source of energy, it follows that during the 
release of that energy thoi*e must he an apparently unstable layer shown in 
every record of ascent through, and at the top of, the developing cloud. 

Dr. Framanik : 1 have not made any attempt to forecast for 4K hours 
or more with the help of upper winds alone, hut 1 have made a few forecasts 
based on the surface and u})per air charts with a fairly reasonable amount of 
success. I have not also worked out the statistical relation lietween the strength 
and direction of upper winds and the subsequent weather in N.-E. India. 
1 may, however, mention that in issuing Ihrecasts both the direction and force 
of the upper winds are taken into consideration and that these forecasts are 
generally borne out by the subsequent weather. The point mentioned by 
Mr. Krishna Rao is implied in the pajair. Dr. Itoy's views are in general 
agreement with those mentioned by me. As regards the point mentioned by 
Dr. Normand, I may say that there is a change in height of the invoraion layer 
during the course of the day but it appears unlikely that there is much change 
in height when this layer is eon verted into one of great instability. 




UrrEK AIR DATA AND WEATHER FORECASTS, 


By K. E. Ka^manathan, Cohiha Ohsermtory, Bomlmy. 

(Hejad at Symposium^ July 25-26, 1938.) 

Introduction. — ^The last twenty-five yearn has seen a great change in 
our mode of looking at weather phenomena. Provkmnly, the attention 
of meteorologists was mainly directed to the pressure map and the movement 
of systems of isobars across the map with the assooiated changes of weather. 
More emphasis was laid on the effects of weather at different places on the sur- 
face of the earth than oti the physical plienomena taking place at any moment 
in the body of the atmosphere. This was not duo to any want of apprecia- 
tion on the part of the meteorologists of the importance of upper air data 
for a better understanding of atmospheric processes ; the reason was mainly 
the non-availability of data. The growth of aviation has assisted towards 
a partial fulfilment of tho meteorologists^ wish for more iipiwr air data, and to 
the extent to which the datii have been forthcoming, the knowledge of at- 
mospheric proeesHcs has improved and acted beneficially on the forecasting 
of weather. 

Vpp<‘r air work in India in 1905 and 1938 — a corn/parison. — In India, the 
only upper air data that were available before 1905 were ground observations 
from a few mounf ain observations and some (jualitative observations of clouds. 
Mr. Field, the late Director-General of Observatories, started observations of 
upper air (conditions by means of kit(>s in 1905, and during the next three years 
obtained some valuable data of u]>per winds, temperatures and humidities 
over Karachi, Belgaum and a few places in the Bay of Bengal and the Arabian 
Sea- mainly during the monsoon months. Although the greatest height 
reached did not exc<H)d 3 kiloinetres, some very important facts of upper air 
climatology were brought to light. Registration of u]>|H^r air tenij)eratures 
and humidities extending to greater heights by means of sounding balloons 
(tarrying instruments was oommen<3ed in 1908, first at Jhang in the N.-W. 
Frontier Province and later at Agra. Exploratory pilot balloon work was also 
(iominenoed at about the same time and put on a systematic basis in 1914. 
Hiiu^e then, mainly owing to the demandfl of aviation, pilot balloon work has 
ijKTOased considerably and sounding balloon work to a limited extent. 
Today, there are 40 pilot balloon observatories in India and Burma, and at 
most of them balloon ascents are mode twice a day, and at a few important 
stations three times a day. Observations of cloud, their amounts and move- 
ments are also made at these stations. Heights of low cloud, whenever the 
amount exceeds T/lOths of the sky, ore measured by the height of disappearance 
of balloons during day. At a few selected stations, the height of low cloud 
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(ceiling) at night is meaflured by projecting a vertical beam of light by means 
of a searchlight and measuring its altitude from a known distance. Systematic 
soundings have bt>en and are being made at Agra and Poona and occasionally 
at other supplenieiitary stations such as Allahabad, Hyderabad, Madras, 
Bangalore, Calcutta, Ahmedabad and Trivandrum. Steps are in progress 
to organize a movable sounding balloon squad at Agra. Ascents of II.A.F. 
aeroplanes at Peshawar and Karachi are made daily or on selected days for 
obtaining upjx^r air information over those places. 

Use of up 2 )er air data.^Wo have now to consider in what way the data are 
utilized in weather work. 

Weather forecasting being essentially the art of extrapolating weather at 
some future time, dex)end8 on a correct analysis of the present weather situa- 
tion and a knowledge of the laws or at least the rules according to which weather 
clianges. For both these purposes, we require in addition to surface data, 
such as those of firessure, temperature, humidity, etc., data relating to the 
upper air to as great a height as is affected during or before weather changes. 
In fore(^a8ting, the upp6r air data are always used as supplementary to the 
necessarily more complete surface data. Analysis of past weather has shown 
that major m etef urological phenomena, such as the monsoons and cyclones, are 
associated with changes in the distribution of temperature and moisture 
throughout the tropospliere, but owing to the increasing difficulty of obtaining 
data with increasing level in the atmosphere, we have for practical reasons to 
l>e satisfied with data up to 5 or 6 km. in daily weather work ; we can attempt 
to get data at liigher levels only during limited periods for study and possibly 
a better understanding of the laws of weather. In putting up with this limi- 
tation, we may find consolation in remembering that the moisture -content 
of the atmosphere decreases rapidly with height and that the main reservoir 
of energy of major atmospheric phenomena lies below 6 km. 

In brief, the objects of collecting the aerologioal data are three-fold : 

(i) To provide analyzed statistical material in the form of tables and maps 
for climatological purposes wdiich would servo as a background of knowledge 
for the meteorologist and aviator.^ When fresh problems arise such as the 
opening of new air-routes, routine flying at higher levels and undertaking of 
special experimental studies (for instance, that on cosmic rays by Millikan 
and Nehor), these data form the indispensable basis for drawing up programmes. 
The analyzed data are also used for the long-range forecasting of monsoon 
and other rains and its improvement. 

(ii) By detailed analysis of conditions in different seasons and areas and 
in different weather situations, to obtain a better insight of general and local 
circulations and of 8j>ecial weather phenomena such as duststorms, nor 'westers, 
cold waves, cyclones, etc. 

(iii) To furnish current information to aviators and others and to make 
daily forecasts of weather. 
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The last of these is the object that immediately appeals to the public, but 
(i) and (ii) are the foundations on which the structure of daily fonjcastmg is 
erected. 

We shall now go a little into detail regarding daily weather forecasting. 
The present-day meteorologist recognizes in his charts separate air-masses 
with different characteristic projmrtios. Within the region of each of these 
air-massos, he expects different weather phenomena ; for instance, in one, 
clear skies and marked radiation cooling at night ; in another, fine Vjiit warm 
weather ; and in yet another, cloudy weather with showers, etc. Sometimes, 
the region separating air-massos with markedly different properties gets 
narrowed dowti and 'fronts’ are found. These fronts are surfaces inclined 
to the horizontal and considerabhi convergence and vertical movement of air 
take place near them, giving rise to interesting ‘weather’. One of the main 
aims of the forecaster is to determine the positions of these fronts if they exist 
and dotermiue their nature. A groat help in identifying the separate air- 
masses is the drawing of stream-lines and trajectories of air at different levels 
deduced from pilot balloon and cloud tnovemeiits. Information about upper 
air temperatures and humidities, whenever available, helps to make the iden- 
tification more certain. Upper winds are also of great assistance in indicating 
the direction in which the disturbed area will move and the approximate rate 
of movement. 

As examples of the use of up|)er air data in elucidating the structure of 
atmospheric disturbances may be mentioned several recent studies of storms 
and depressions in Indian Seas. ‘ Warm fronts ’ somewhat similar to those met 
with in European latitudes are associated with depressions and storms in the 
Bay of Bengal and the Arabian Sea in the cold season months of November to 
January .2 As may be expected from the higher average temperature and 
specific humidity, the precipitation near the front is more intense than in the 
temperate latitudes. The two air-masses between which the front forms in 
the Bay of Bengal are the dry, cold air from north India and the moist 
equatorial air from the south Bay of Bengal. Upper air observations show » 
that with the approach of the storm, moist warm air first appears in the upper 
atmosphere and that its lower boundary gradually descjonds. At the same time 
another moist stratum which comes apparently from the middle of the Bay 
grows in thickness at lower levels and extends upwards. The two meet near 
the centre of the storm. At the back of the storm, the moist air is replaced 
by drier air from above. 

A modified type of ‘front’ is associated with storms of the pro-monsoon 
season.^ In this season also a front forms between the land air and the moist 
monsoon air. Owing to the surface heating of the land air, it is warmer in the 
lower levels than the moist monsoon air, but the smaller lapse-rates prevailing 
in the latter causes the temperatures above 3 or 4 km, to l>e higher in it than 
that in the land air. As a consequence, while the moist monsoon air tends 
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to behave as a cold air-mass near the grmuid, it behaves as warm air in the 
upper levels. 

In monsoon depressions,'^ the main front forms between fresh monsoon 
air and old monsof)n air, the former behaving as a cold mass and the latter 
as a warm mass. In N.-W. India, a comparatively drier air layer is often 
interposed between the westerly fresh monsoon current and the easterly old 
monsoon current. 

The upper air data of tempe»raturt^, humidity and winds required for the 
filling in of the details of the three-dimensional picture of tropical disturbances 
are yet incomplete. The only available means of gathering them in sufticient 
quantity is by intensive soundings with ordinary and with radio -meteoro- 
graphs. A model analysis of a recent European cyclone by d. Bjerknes and 
E. Palmen ^ makes use of the data of 120 sounding balloon ascents carried 
out in three days. 

Even apart from definite “fronts it frequently happens that air-masses 
of different origins get supeiposed on one another. The configuration as such 
may be stable but with a small trigger action such as an upward push of the 
lower air by afternoon thermal convection, or dynamic convection near moun- 
tains, or onset of sea-breeze or cooling of the top of a moist layer by radiation, 
the equilibrium can liecome unstable giving rise to the development of much 
more kinetic energy than is conveyed to the air by the initial push.^ 
Upper air data (winds, temperatures and humidities) are of invaluable 
assistance in diagnosing marked latent instabilities and the consequent risk of 
thunderstorms and squalls. 

CompariHon mih other countries . — On the subject of upp<5r air climatology, 
India has collected as good data as any country in the world, but in synoptic 
nud.eoroIogy of the upper air we are much behind a few other countries. Our 
main drawbacks are the restriction of observations to a limited depth ()f the 
atmosphere and the very intidequate information that we get about the day- 
to-day changes of temperature and moi8tui*e in the atmosphere. In all our 
daily forecasting work we have to lie satisfied with the tacit assumption that 
stream -lines and trajectories follow horizontal paths, or at best jnoke vague 
guesses rt^garding their changes of level. For making more accurate estimates, 
we should prepare synoptic maps of surfaces of equal entropy and of ec|ual 
saturation potential temperature. This pmsupposes extensive knowledge of 
tempemture and moisture conditions in the atmosphere. As examples of 
countries whore such work is being attempted, we may instance the United 
States of America and Germany, In the former country, there arc? 24 aero- 
plane stations with two ascents a day for meteorological purposes, going up 
to about 5 km. Owing to the limitation of the height of aeroplane ascents, 
the Massaolmsotts Institute of Technology with the assistance of tlie Weather 
Bureau and of the Bureau of Standards is proposing to change shortly from 
aeroplane ascents to radio-sonde ascents. These will enable data up to 
16 km. to be obtained. In Germany, 10 stations take two aeroplane ascents 
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daily for obtaining upper air data of pressure, temperature, humidity, heights 
and nature of elouds, visibility in different directions, haze or dust layer 
boundaries and levels of bumpinoBs. 

I hope that while we keep the practical needs of the moment in the fore- 
front of our progran)me, we do not forget the TaKsossity of continuously 
improving the basis of our forecasting. 
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l)lHCUSStO.N. 

Fremdent. — Dr. Normand, have you any remarks to make on this paper ? 

Dr. Normand . — 1 agree thoi-oughly that India requires more upp^r air 
obseiwations. Wo have plans for an a.tta.ck with meteorografih instriime.mts 
on monsoon depressions and cy(?lones while they approac^li and travel across 
the land areas of India. Tliis will help us to understaTid their structure better. 
Unfortunately it is difficult to draw up j)ractical j>lans for a study of the intc?- 
resting early stage of cyclones, which always <levcIop over the sea. Jn balloon 
ascents over the ocean — and over the land Ujo where we need our up|>6r air 
results in time to be of use to the forecasters— a new tyj)e of instrument, t 
radio-sonde, will have to Ikh used. Pioneering work with these instrumontH was 
<lone in Russia, Germany and elsewhere. Formerly they did not, howtwer, 
give Huffloiently accurate results of temperature and humidity to be of servif^c 
in tropical regions. Radio-sonde meilKKis are being intensively developed iji 
America and in Europe at the present moment. The latest instrurnenfs have 
l>eeonie or are bc^coming accurate for use in investigations in the tropics and in 
a year or two they may be^ sufficiently <diea.p Ut Ih^ brought into 0 {!casional use 
in India. 

The President was just adjourning the session when l>r. Normand invited 
gentlemen present to inspect, if they oared to, two radio-sondes which were 
placed on the table. Dr. Normand remarked that during that day and the 
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previous day frequent reference had been made to radio-sondes bait possibly 
several piesent had no occasion to know exactly what the radio-sonde was 
or did. He said that Mr. Sil or Dr. Das would demonstrate the instruments 
to them. 

Mr. Hil then explained briefly the working of the Moltcbanofi’ and the 
Vaisala radio-meteorographs. 



LATENT INSTABILITY IN THE ATMOSPHERE AND ITS 
CONSEQUE CES. 

By N, K. StJR, Meteorological Office^ Poona. 

(Read at Sympomuni^ July 25-26, 1938.) 

lu the abaeiioe of Dr. Sur, the l^o»i(leut ealled upon Dr. R. Auaiitha- 
kriahnan to read the paper on ^‘Latent Instability in the Atmosphere and its 
ConaequenceH'\ 

Dr. A?umthakrifih?mn . — ] am glad that the absence of Dr. Snr has given 
1110 an opportunity of partaking in the Symposium. Before proceeding to 
give an account of the consequences of latent instability described in the present 
paper ^ 1 shall briolly explain what the term latent instability moans. This 
term was introduced in meteorology by Dr. Normand about seven years ago 
and it implies a state of the atmosphere in which tlie distribution of pressure, 
temperature and humidity is such that em?rgy is latent in the atmosphere 
and can be released by certain simple natural processes which (^anso the adia- 
batic ascent of air from lower to higher levels of the atmosphere. The idea 
of latent instability can be best brought out with the aid of the tephigrarn. 

Dr. Ananthakrishnan then explained the idea of latent instability with 
the aid of diagrams, after which he road the paper by Dr. Sur. 

1 . 

In the daily weather tvharts jirejiarod at th<i Meteorological Oflice at 
Poona, lines of How of air cuirronts in tlie uppeu* levels above ground an? drawn 
from day to day in conformity with the direction of upper winds nioaHurtMl at 
different pilot balloon stations in India and its neighbourhood, tJic velocities 
l>eing made use of only when trajectories drawn for more detaileti study. 
Those lines of flow at different levels serve to show the place of origin of the 
winds, i.e. they help to identify different air-masses. This is of use to the 
forecaster, as it gives him some idea about the iiattire of the plienornena which 
can possibly occur by the interaction of the diffei*ent air-masses f)r stream lines. 
We have not yet been able to collect climatological data of the upper aii' all 
over India, but a few properties of some currents of air over India in different 
seasons are known from available data, and in other cases are inferred from 
their geographical origin. For example during winter in north India cold 
air from regions to the north of India sweeps over Sind, Eajputana, the central 
parts of India, the Gangetic valley and partly over the Deccan, and wo know 
that it is a reiatively'dry air-mass giving fine clear weather. But when during 
winter a western disturbance affects north-west India, warm humid air from the 
Arabian sea is drawn towards that jiart of India, and comes in juxtaj>o8ition 


VOL. V-«No. I. 


[Published May 1st, 1939. 



N. K. fiftTR : LATENT rNSTABILITY W TKE 


WH 

with the eomparatively dry eokler aiirront, .Low ciouds gather over some 
parfjH r)f the affected region due to the flow of the humid air-mass, and 
rainfall may be forecasted either due to the ascent of the warmer humid air 
over the colder one along a warm front, or from thunderstorms along a cold 
front. The difft^rent cvirronts in such extra -tropical depressions are generally 
identified by stream lines drawn on the charts, but data for temi>erature and 
humidity of the ujipcr air may also he available for the north- west of India 
from aeropiano ascentH. Similarly, when a fonnuist is issued for the rainfall 
and direction of movement of storms or depressions in the Bay of Bengal 
oi' tile Arabian Sea, either in the pre- or post-monsoon seasons, or in the Bay 
during iht^ monsoon season, it is based on the projierties of air currents coming 
together to form such storms or depressions. Further, the jiossibility of the 
oiHMirnuice of thunderstorms and dust-storms during summer in North India 
is also similarly infcTTccl. In this note it is proposed to discuss briefly latent 
instability, which in India is found to be associated with all these plienomena. 

2 . 

When a dry atmosplu^re is in eonveetive e(|uilibrinm, the lajise rate of 
temperat ure is per kilometre, a-n<l entropy is <u>nstant throughout such 
an Htrnospiujre, Usually however the lapse rate is about G^C per km. and 
entropy increases w ith height, i.e. the layer of air having the greatest entrojiy 
is u])permost, witli the layers of gi’adually decreasing entropy lying below in 
a sequence. But at any place sucli a condition is not constant throughout 
tlie year. Entropy may incTeaso upwards from the ground in some seasons but 
dei'-reast^ in ntluns. For (example, in Bengal, if wo (^omjuire the W'et bulb 
jiotential iempfuatnn^ whicli is a measure of the entropy of moist air, at Dai'- 
jiling (heigh t=:2'2Gr) km.) with that at Jalpaiguri (height =«'H4 km.), on different 
dates <‘hoscn at random throughout a year, we find that during November- 
Manh the W.B.IM'. at. Darjiling is greater than that at- dalfiaiguri, while during 
April Octolnu* the reverse is the relation between the values of W.B.P.T. 
at- the two ]»la(*eH. This (diaiiged ccuiditioii of the atmos|>}iere is associated 
wdtli instability during the summer and monsoon seasons. 

Tin* lapse rate of tempiawture in the atmosphere lies very often between 
those of dry and sat nrateil adiaimts. In su(4i a ease the stability or instability 
of tbe atmosphere is dependent upon relative humidity or on wet bulb tern- 
})eratureH. If humidity is sufficiently high in a layer or layers of air near 
the ground, it or these may liecoine warmer than the environment, if raised 
t-o a suitable height, arul thiM^efore can release energy (vide fig. I T-<^ gram.). 
A layer near A when raiseil up gradually, attains condensation fioint at H, 
and releases energy along JK. DF is the w^et-bulb mirve. Along JK. the 
instability is manifested. To realise the energy given by tbe aiea JUK an 
amount of work equal to the area AH J Itas to be spent on the layer at A. 
This iy\)o of instability has been called latent mst4*bility by J)r. Normand.^ 
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Prof. Ro8Hby hm <letiruHl a state of convective instabiJity, in which the lapse 
rate of wet bnlb texuperature exceeds the wet adialiati<j rate. For the atnios- 
phere to ha ve latent instability, the wet Imlb potential temperature 0' at any 
level should exceed at any higher level, and therefore it is always associated 
with convective instability as shown by Dr. Normand.^^ Whoa a layer is 
pushed upwards adiabatically without vertical distortion, (*onvective 
instability first produces latent instability, which in turn leads to instability. 

With a given distribution of dry bulb temperatures in the layers of air 
above the ground as well as in the free atmosphere, and with a lapse rate of 
temperature between <lry and wet adiabatics, the atmosphere may not have 
latent instability if the humidity is not suifieiently high. 

As both the wet bulb potential and equivalent potential temperatures are 
measures of entropy, theoretically speaking, a decrease of E.P.T. with height 
is associated with convective instability ; but it may or may not lead to latent 
instability. In India, it has l>eeu found that though E.P.T.s may decrease 
upwards from the ground within the first 2 or 3 km., tliere may be no latent 
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instability in the at mosphore. On the other hand an increase of E.P.T. upwards 
witliin the same layers may be followed by a subsequent decrease of E.P.T. 
witli latent* instability iti the atmosphore. 

3 . 

Tlie conditioiiH under whi(;h latent instability is found to exist in the 
attnosphero in 1 ndia will now be described. 

PYom n recent study of the tophigrams of sounding balloon ascents at 
Agra, Poona and Hyderabad, Mr. Hohoni and Miss Paranjpe ® have come to 
Oie conchision that such a type of instability is frequently developed at these 
places with tiie incursion of oceanic air of tropical oi‘ equatorial origin. At 
Agi’a latent instability is found to occur frequently during the monsoon, pre- 
aiid post-monsoon seasons, whereas at Poona and Hyderabad mostly during 
July- H(q)t*embor. It is much less common during winter, when continental 
air generally holds sway over India. Dato from soundings are not available 
for north -cast India except during April and May. In Bengal during these 
two months, when Nor’w^estors or thunderstorms are common, latent instability 
is prodiu'od by the incursion of humid air from the Bay of Bengal in the first 
1 or 2 km. above ground, below the dry continental air from the north-west 
of India and occasionally from north-east of India also. Further, from a study 
of duststorms at Agra ^ it has been found that these occur frequently during 
March-June, The frequency is maximum in May and is only slightly smaller 
in June. Those duststorms with the associated thunderstorms are invariably 
preceded by the development of latent instability in the atmosphere, which 
is therefore believed to be a necessary condition for these to occur, though 
it may not be a sufficient one. Here again there is an incursion of tropical 
oceanic air into the region of the continental air in the north-west of India. 
The injection of humid air in March, April and May mostly produces duststorms 
and dry thunderstorms, and in June when the proportion of moisture increases, 
due to the gradual penetration of the S.-W. monsoon current over north India, 
wc get more thunderstorms than duststorms at Agra, accompanied with rain- 
fall and preceded by a high degi'ee of latent instability. 

Similarly, from a study of squalls at Karachi ® with the aid of aeroplane 
data, it has hem found that the occurrence of squalls is on most occasions 
preceded by the development of latent instability. 

4 . 

In the storms which form in the Indian Seas during the pre-monaoon and 
poBt-moriHoon seasons, it has been found that two deep air-masses from different 
sources and hence with different properties come together before these storms 
can develop. One of these is of continental origin, the other oceanic, 
and the storms form on the diffuse boundary of these two. These storms, 
which do notr have a symmetrical structure, have sotndmes sharp ffonte like 
those of an extra-tropical depression, and their direction of movement Is 
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believed to bo tlic same as that of the warmer of the two air- masses between 
4-8 kin. These decay when the rich supply of water vapour is cut off. No 
sounding directly over the place of origin of such a storm is available, but 
it (uin be inferred that in such cases also latent instability is developed, For 
when two air-masses of different temperature and humidity How past eacli 
other, horizontal instability is produeed, as is known from the famous work 
of Margules. But the region of partition between two such air-masses, when 
one flows over the other, may also be an environment of a high degree of latent 
instability. This can be at once seen by plotting on a tephigram the average 
values of dry and wet bulb temjieratiires in July over Poona up to 3 km., rejire- 
sontixig the moist oceanic air, with the average Agra values above** it, say up to 
0 km,, reprcHonting the continental air. 

That such storms in the post-monsoon season may be associated with 
latent instability is supported by some evidence obtained in tlu; field of a trojn- 
eal cyclone/' On the 14th November 1933, a depression formed in the south- 
east of the Bay of Bengal, intensified into a storm on the Iflth, and crossed tht^ 
north Madras c^oast very near Nellore on the evening of the 17th. 8ome 
ascents were made at Madras and Poona during l/>-20th November 1933. 
Unfortunately meteorograplis let off at Madras on the evening of the 17th 
and on the morning of the 18ih, when the centre of the storm was neaier 
than on any other day, were not recovered, but some information regarding 
latent instability in the free atmosphere over the neighbourhood of Madras 
has been obtained from those recovered. If the dry bulb and saturation 
temjxjratures at different heights, obtained from ascents at Madras during 
I5~19th November are plotted on tephigrams, the following interesting results 
are obtained : — 

I. Denotes environment of latent instability, and 
II. Layers of latent instability — 


I. 


11 . 


15th (1716 hrs.) 
loth (1800 hrs.) 


17th (0404 hrs.) 
18th (1756 hrs.) 


Nil. 

From 460 to 310 mb, (very 
slight degree of latent 
instability). 

From 800 to 170 mb. 

From 860 to 130 mb. 
. (degree greater than on 
17th). 


Nil, 

Between ltKK)-720 mb. 


Between 930--400 mb. 
Between l(K)0-920 mb. 


19th (0400 hrs.) No latent instability. 

It is quite clear that before the storm had affected Madr^, and after it 
had moved away, there was no vertical instability of the latent type in the 
atmosphere over Madras. As it approached nearer to the place, latent 
instability increased gradually. 
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A storm in tho post- monsoon season in tbe Arabian sea^ may also bo 
associated with latent instability. On the morning of 1 2th NovemU^r 1927 
a storm lay over the sea neai* Bombay in the south-west direction from it. Due 
to the storm there was a marked IVontal discontinuity along a line from the 
centre of the storm right up to AlhUiabjvd. The discontinuity wivs strongly 
evident both iji the diroctioa and the force of tbe wind on the two sides of it, cis 
well as in the type of' rainfall, which extended over a belt of country 890 miles 
in l(mgtli. The rain was caused by the asetmt of waiin south-easterly air 
from file Bay of Bengal over a north -easteily current of air. On the morning 
of fl»e JHth NoveiidxM’, the storm had crossed the Konkaii Coast, and lay as 
a deep depression over the Booibay Dciccan. Agni was far away from the, 
cfmtre of tlie depression, but an ascent on the 13th November at 1630 hrs. 
afp Agra when it was drii^zling there, shows an environment with a slight degree 
of latent insta,bility Ixjfcween about 940-080 mb. levels, and layers of latent 
instability from the ground up to about 730 mb. The latent instability at 
Agra was in this case associated with a warm front with humid south-easterly 
mr aseencling over cold north-easterly air. Tim height of tlie warm front 
over Agra wiis about 2*8 km., and its intersection with the ground wm at a 
distance of* abotU. 500 km. from Agra, so that its 9lof)e was about ^ 


5. 

We now (ionsider the depressions forming in the Bay of Bengal during the 
south-west monsoon season. A depression‘s formed on the 2nd Heptomber 
1932 off the Orissa-Ganjam coast. It crossed the coast near Puri, aitd lay as 
a shallow low pressure area on the ground with its centre near Hambalpur on 
the morning of the 4th September. It intensified later and moved in a north- 
westerly direction. Its (lentro was near Guna in ('entral India both on the 0th 
and 7th September. It commenced to weaken on the 8th and moved past 
Nowgong through the southern divisions of the U.P. It disappeared by the 
morning of the 13tb September, after persisting for a couple of days over 
Mainpuri near Agra in west U. P. Results of sounding balloon ascents at Agra, 
on the 3rd, 6th, 0th, and 7th September are available. The following features 
regarding latent instability arx? noticeable : — 


I. 


II. 


3rd (1724 hrs.) 
6th (1715 hrs.) 
0th (1720 hrs.) 
7th (1726 hrs.) 


Nil. Nil. 

From 870-100 mb. (about). Between 970-300 mb. (about). 
From 900-l(X) mb. (about). Between 978-360 mb. (about). 
Practically nil, though relative humidity was 80% from 
ground to 6 gkm. 


It is clear that as the depression moved towards Agra, latent instability 
developed in the free atmosphere round about Agra, and it was wiped out 
when the depression weakened. 
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Another example of a depression daring the S.*W. monsoon season deve- 
lopijig latent instability in the region through w^hich it passed is that of one 
with its centre near Puri ® on the morning of 1 1 th J uly 1 937. The next morning 
it lay with its centre near Raipur in the Central Provinces, and on the morning 
of the 13th July it was over the west Central Provinces. It passed through 
Sambalpur in Orissa between the mornings of 11th and 12th July, and out of 
a number of meteorographs let off theiT) during the passage of the depression, 
4 have been recovered. These show the following features as regards latent 
instability; — 

I. TI. 

1 2th (0200 hrs. ) Prom 840 to 4<X) mb. (about) . Between 980-430 rn b. (abou t) . 
12th (1200 hrs.) From 940 to above 350 mb. Between 980-090 mb. (about) 

with the exception of layers 
between 900-835 mb. 

12th (1413 hrs.) From 920 to 810 mb, and Between 980-390 mb. 
from 750-abovo 350 mb. 

13th (0200 hrs.) Above 500 mb. Between 985-960 mb. 

No retjord giving the condition of the atmosphere just beiore the depres- 
sion approached Sambalpur is available. But it is clear from the data that 
there was latent instability to a marked degree in the atmosphere even just 
after the depression had passed away from Sainbalpui*; it diminished consi- 
derably on the 13th, when the depression moved further away. The reason of 
the increase in depth of layers with latent instability (jxtending from 980 
to 390 mb. at 1423 hrs. on the 12th as compared with those st 1200 hrs. on 
the same day is not clear. 

0 . 

From the pretiedijig discussion it would appear that latent instability 
should 1)0 a practically useful criterion not only for the forecasting of instability 
phenomena like thunderstorm and duststorm, but also of the region of rainfall 
along the path of depressions during all seasons in India. But this criterion 
can be usefully applied only if the means for its measurement from day to day 
be available. Aeroplane ascents and radio-sondes are the means to achieve 
this end. But quite a useful purpose can also be served by collecting clima- 
tological data of the upper air by the aid of soundings with Dines meteoro- 
graphs. The results from these in conjunction with a knowledge of the trajec- 
tories of air currents on the daily weather charts will enable us to know the 
properties of different air currents in India in different seasons. This will 
greatly help in in&ning the existence of latent instability or otherwise when 
two or more different streams of air are present in the upper levels over any 
pkoe and therefore in forecasting the consequences of the existence of latent 
instability* 

Attention may here be drawn to rather an important gap in our informa- 
tion rc^^arding the development of latent instability in different seasons in 
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India. Though it is easy to see how latent instability can bo prodiKJod by the 
injection of moist air in a mass of continental air, by the flow of air with 
properticH of the S.-W. moimoon air during July at Poona extending, say, tip to 
2 or 3 km. above tiie ground below a mass of continental air, like the air over 
Agra in April above 2 or 3 km., it is not at all clear how in July or August the 
astTiit of south -easterly monsoon air in the Gangetic valley represtmted by the 
air over Agt a in August, above the south-westerly monsoon air from the Arabian 
stm n^})res(mted liy the air over* Poona in July, can give rise to latiuit instability. 
For if the approjniatc mean values of tlry and wot bulb temi>eratures at 
(liflorent levels are plotted on a tephigram in t))e two eases respectively, latent 
instability is found to exist in the first ease, but not in the second. It needs 
therefore further work to explain its development in the Gangetic valley or 
in (knitral India during the 8.-W. monsoon season. Also, investigation is net^es- 
sary to find the connection, if any, between the wot bulb temperatures jue- 
vailing in a given column of air having latent instabOity with the amount 
of rainfall from the column. 

From an examination of about 250 sounding balloon records over Agra, 
Poona and Hyderabad (Deoi’an) and an analysis of the air-massos relating to 
each individual rcH'orcl by means of wind trajectories, Mr. Sohoni and Miss 
Paranjpe have (?ome to the conclusion that absence of latont instability is 
associated with dry firuj weather with occasional high clouds of the non- 
convectional type, and latent instability with convective types of clouds like 
cumulus and cum ulo- nimbus, or rain or thunder or thunderstorms. But it 
has been noticed that occasionally the existence of latent instability has not 
necessarily led to disturbed weather. Of course it is known that a suitable 
trigger is necessary to liberate the energy from the atmosphere having latent 
instability to produce a disturbance in weather, and the abseuo© of a trigger 
may aecount for its non-occurrence. But it is not known whether in such 
cases, though few, this records of the upper air data are not oj^on to doubt. 
If such o(!casions exist, a further examination of the data is necessary to find, 
if possible, the precise conditions under whi(fh the existence of latent instability 
may not result in disturbed weather. 
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The Prcddml : Thin pa|x^r is now open lor diHunsBiojn 

.lh\ Eamannihan : Dtning the approach of a storm, have the levels up to 
wliich latent instability e>i tends and their variation in different phases of the 
storm been studied i 

Dr, Awnthah'iHknayi: A comploto quantitative study has not been made. 

Dr, Roy : Tlie kun|wrature and tlie moisture eouttuit of an air-mass may 
be such that, although dynami(^a]|y stable, it is therniodynamioally unstable. 
The cxiiression ‘Latent Instability' is probably used by Dr. JJ^ormand in re- 
lation to such a thcnnodynaruieaUy unstable air-mass. Perhaps Dr. Nortnand 
Avili enlighten us on this point. 

Mr. Basu: Latent instability, I supjmse, means (certain conditions in the 
air column irrespective of the structure. In this sense, latent instability is 
<lifferent from conditional instability of Rossby which is sometliing associated 
M’ith a single air-mass. 

Dr. Arumthakrishrwn: The term ‘latent instability’ merely denotes a 
(jcrtain vertical distribution of pressure, temperature and humidity such that 
the atmosphere under these conditions acts as a reservoir of latent energy, 
which is capable of btarig released by suitable means. It is not neci^ssary to 
bring in the concept of air- masses to explain Talent instability’. 

Dr. Normand: It is preferable to consider each of the terms, latent, con- 
ve(div(? and eonditional instability, as describing a vertical distribution of 
energy or entropy, irrt)Spective of the air-masses that compose the vertical 
structure. If tlie energy of latent instability is duo to one air-mtiss lying over 
another, its release tends to mix up or rearrange the masses, as in a Nor ’wester. 

Mr. P. E, K. Eao: In Mr. Sohoni’s Memoir, latent instability was sub- 
divided into real and pseudo-typt^s. This division is necessary. 

Dr. Ananthakri^hnan: I do realise that it is ; but it has not been attempted 
in the present paper. 

Jtfr. Eantakrishnun: As regards quantitative study, it may be mentioned 
that, even at a glance, a rough idea of how significant the latent instability 
is can be had by seeing the thickness of the layer of latent instability and how 
close the environment of latent instability is to the layer. The larger the 
thickness of the layer, the greater the amount of energy and the nearer the 
environment to the layer, the easier it is to realise the energy. 




RAINFALL DUE TO WINTER DISTURBANCES AND THE 
ASSOCIATED UPPER AIR TEMPERATURES OVER AGRA. 


By S. P. Venkiteshwakan, Upper Air ObaerDoiory, Agra. 

(Read at Sympoaium, July 25^26^ 1938.) 

During January to April 1931 , sounding balloon iimtrumonis were lot off 
I’roin Agra almost every day. The instruments retrieved gave a few sets of 
records of upper air Uunperatures and pressures for consecutive days. On a 
preliminary analysis ^ of the data so obtained, it was observed that during 
these months the day to day changes of temjKjraturo ovesr Agra worked in 
opposite directions above and l)elow the 12 km. levels; so that while tempera- 
ture fell from one day to another up to the 12 km. level, above this height 
the temperature rose, and an inversion or a reduction in the lapse rate occurred 
in the region of 12 km. This type of temperature change was associated with 
a fall of pressure at all heights. On the other hand, while temi^erature rose 
from one day to another in the lower levels up to 12 km., above this height 
the temjjerature decreased, and the lapse rate of temperature at the 12 km. 
level increased. This ty|>e of temi>eraturo diango was associated with a rise 
of pressure at all levels. 

While the day to day changes of temjwrature at different levels l)ctween 

5 or 6 km. and 12 km. wore correlated with each other, the corresponding 
changes at levels below 5 km, did not show any definite relationship with the 
changes above. 

However when the dry and wet bulb, ot<5. tomporatures at levels below 

6 km. were plotted from day to day on U<f> gram paper, they showed a more 
or less regular sequenoo which was repeated in all the four disturbances which 
were investigated. 

The available data can be grouped into four sets; — 

L 30th January to 2nd February, 

2. 5th February to 8tb February, 

3. 12th February to 18th February, and 

4. 19th February to 23rd February. 

It is observed from these sets that the day to day variation of the wet and 
dry bulb curves up to about 6 km. is similar in each of these sets (fig. 1). The 
air over Agra on the first day represented by each of these sets is dry up to 
6 km. On the second day it is observed the air at the top levels has become 
more humid; on the third day the thickness of this humid layer has 
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increased downwards. On the fourth day there i» a tcndotu^y for drier air again 
to replace the humid current in the higher layers. 

During those winter months the weather over N. India is mainly controlled 
by the passage of western disturbantjos. These four of similar temperature 

variations were therefore examined to see if the ohanges correspond tn the 
different phases in the passage of western disturbances. For this purpose, 
the rainfall recorded every day at all the provincial rainfall stations within 
the area marked in fig. 2(a) t was plotted. It was observed that the maps 
of day to day rainfall distribution can also bo divitied into different sets; 
and the day to day distribution of rainfall during the period covered by each 
of these sets showed a general similarity. Each of thes«5 sets (^f rainfall maps 


^ The shaded areas in Rg. 2 represent the regions in which raixT^ll ooeurred during 
the 24 hours preceding 8 a.m. on the date given on the diagram. 
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represents the passage of a western disturbanoe. It is interesting to note the 
daily variation of distribution of rainfall (fig. 2). The rainfall associated with 
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the western disturbance occurs first over the Baluchistan hills. Thereafter 
it occurs first on the plains of the west U.P. with slight rainfall also in the 
western Himalayas. Then the rainfall in the west U.P, extends towards a 
northerly or north-westerly direction, and the rainfall over the western Hima* 
iayas also extends westwards on the plains of the Punjab. The rainfall next 
decreases over the plains of the Punjab and becomes confined practically to 
the western Himalayas. The distribution of rainfall seems to occur in two 
systems, one over west U.P. and the other over the Punjab, The tvesiward 
extension of the rainfall with the passage of a western disturbance is note- 
worthy; because ordinaiily one would expect rain areas to extend from west 
t() east with the eastward movement of the western disturbances. 

It will also be seen that the distribution of rainfall in the west U.P. is 
similar on those days on which the soundings in the 4 twiiies show similar 
distribution of temperature. It also apjiears that the temperature distribu- 
tion over Agra is an indication, to a certain extent at least, of the rainfall 
distribution over the westeni Himalayas and the Punjab. This is natural 
to expect as both the day to day distribution of temperatun? over Agia and 
the day to day rainfall distribution due to the passage of western disturbanctm 
have alfeady been shown <<o be similar in each disturbance. 

If therefore sounding balloon data are made available every day over 
Agra during the winter months, either by radio-sondes, aeroplane ascents or 
clown balloon ascents, it may be possible to predict with fair accuracy the 
rainfall over west U.P. and even over east and north Punjab and the western 
Himalayas. 

It may be useful to mention in this connection whether in the absence 
of sounding balloon data being available, the pilot balloon data cart be utilisiHl 
to indicate the properties of the air over a place by drawing trajectories for 
stations in and around tlie area under consideration. It is observed that in 
general the temperature distribution over the station agrees fairly well with 
the history of the air as indicated by the pilot balloon trajectories. When 
moist air is indicated by the temperature diagium at 2 km. level or higher 
over Agra, the trajectories also show that the air at or near about that level 
had travelled over the Arabian Sea. One can therefore attempt to predict 
the occurrence of rainfall with the help of the pilot balloon trajectories also, 
but this method has the handicap that the winds at all the levels may not be 
available when the weather is disturbed. 

Discussion. 

TAe Prestdenl : This paper is now open for discussiom 

Dr. Kamanathan : It is interesting to see the areas of rains extending to- 
wards the western side of the Punjab-Kumaon HiQs. Altiiough we had vague 
ideas about this, it is good to have brought it out s6 olearly. Ixt iiia upper 
levels, the air movement is always from some west; then how is it that the rain 
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tiroa spreads westwards ? I wonder whether the rain-cooled air flows kata- 
bttitically and is responsible for the necessary lifting which causes the rainfall, 
or the air which comes in the later stages of the depression has more moisture 
at lower levels. 

I would also like to ask what is the coneluHion of this study regarding 
the moisture content of the atmosphere below fl km. and the temperature 
distribution above tliai level. 

Mr. V enhiteshwaran : Thei*e do()S not seem to be any ooime(^tion, 

ifefr. Baatt : It seems to me that one point of interest to the practical fore- 
caster has been brought out in this paper by the sequence of rainfall with 
approaching western disturbances in north-west India. We know that between 
Agra and Delhi, the upf^er winds are sometimes very divergent. The difficulty 
of extrapolating Dtdhi winds from Agra winds has been felt since the pilot 
balloon observatory at Delhi was closed during the retienchment of 1932 but 
Delhi continued to be the aerodrome aiul we had to supply the winds for 
Delhi. The rainfall area near Agra branches into two, one towards the east 
and one towards the north-west. The moist air, whether it comes from the 
Bay of Bengal or from the north Arabian Sea or from any other source?, and 
whatever its origin, arrives at abemt Agra in winter mainly as a south-westerly 
current. Here it diverges into two branches one going towards the east au<l 
the other going towards the nojtli-wost. The (?urrent over Baluchistan and the 
south-easterly current from Agra may meet and coalesce somewhere in the 
Punjab. 




UPPER AIR DATA AND DAILY WEATHER FORECASTS. 


By S. K. Peamanik, Meteorological Office ^ Alipore^ Cahutia, 

{Read at Symposium, July 25^26, J93S.) 

1. Data of wpi>er air pressures, temperatures and humidities are available 
from meteorograph ascents made at Agra for a large number of years, and 
at Poona, Hyderabad and Madras during recent years. In addition, we have 
also data from (1) aeroplane ascents made by the R.A.F. at Peshawar, Quetta, 
Karachi and a few neighbouring stations in north-west India, (2) some meteoro- 
graph ascents and kite flights at a few stations for shoit periods, and (3) some 
special meteorograph ascents during storms and disturbed weather. Them*, 
data give us a fair idea of upper air pressure, temperature and humidity over 
north-west India and the Poninsula and are sometimes of value for a diagnostic 
study of the structure of cyclonic storms and the mechanism of development 
of thunderstorms and dust storms. 

2. Upper air data obtained by the usual meteorograph ascents cannot 
obviously be made use of in day to day forecasting, the data so collected 
being available only long afterwards. For the purpose of daily forecasts 
these data should he obtained, as is being done at present in some countries, 
by arranging regular aeroplane ascents or soundings with radio meteorographs. 
It may be mentioned that the radio meteorographs njcently developed in 
America appear to furnish sufficiently accurate and reliable information 
relating to the upi^or atmosphere. In the absence of a network of aerological 
stations in India taking daily readings of temperature and humidity in the 
upper atmosphere, except over parts of north-west India where data furnished 
by R.A.F. aeroplane ascents are of vahie in local foTOcasting, it is not possible 
to apply in India at present forecasting methofis like those based on isentropio 
analysis develoj)ed by Rossby in America. 

3. We Imve, however, in India a fairly good network of pilot ballocm 
observatories taking two or thret^ aseejits a day, the data of which are available 
in time, and an? found to be of great use for daily forecasting. Most of these 
ascents are limited in height but for practical day to day forecasting informa- 
tion up to 5 or 6 kms. is usually found to be sufficient. Data furnished by 
pilot balloon ascents give only the direction and speed of air movement at 
ciifferent heights and do not give any information relating to the meteorological 
properties of the air at those levels, although a rough idea of the latter can 
sometimes be obtained by drawing the trajectories of the wind and thus 
tracing the source from which the air originally came. The upper wind 
data do not also indicate whether there is any vertical movement, upward or 
downward, and one has generally, in the absence of this knowledge, to assume 
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only a horizontal movement. This assumption may sometimes lead to a 
wrong reading of the weather situation and eventually to an inaccuracy in 
weather forecasts. There is another drawback in having to depend upon 
pilot balloon ascents alone for information relating to the upper atmosphere, 
for these data are often not available during markedly disturbed weather and 
from regions close to a storm or depression when and where they are likely to 
be most useful. 

4. Pilot balloon ascents also provide a useful method for collecting 
information legarding the height of base of clouds, information which is of 
(considerable help for aviation. The surface and pilot balloon observatories in 
India have been rejjorting for some years the direction of movement of clouds, 
and also the height of base of low clouds from which an idea of the direction 
of wind at the levels of the douds can be formed. The network of surfa(ce 
observatories being much closer than that of pilot balloon stations, these 
observations made at surl'ace observatories about the direction of moveinont 
of clouds are of considerable help in forming an idea of the movement of air 
at the level of the clotids, between two pilot balloon stations and also in areas 
where there are no pilot balloon stations. In times of disturbed weather, 
surfacce observations are taken frequently, sometimes even at hourly intervals, 
but additional pilot balloon ascents are rarely taken, and as such the freqtient 
reports of direction of movement of clouds from surface observatories help us 
in forming an idea of the upper air movement and its progressive variations. 
There is another advantage that when up|)er air data from pilot balloon ascents 
are not available owing to markedly disturbed weather or for any other reason, 
the direction of movement of clouds is of help in giving some idea of the up|K)r 
air circulation. 

5. In spite of certain limitations in the quality of information obtained 
by pilot balloon ascents and the availability of the data by this method, it has 
to be admitted that these have been of very great help in day to day fore* 
casting in India, particularly in respect of aviation forecasts. A forecaster 
often can with the help of these data form an idea as to whether a depression 
or a storm is likely to intensify or weaken and also what the direction 
of its movement is likely to be. The absence of a knowledge of the actual 
meteorological properties of the diffeient air-masses over a particular region 
and also of the nature and extent of vertical movements in these air-masses 
is however a handicap, and information relating to these would add greatly 
to the facilities that the meteorologists in India have at present for day to day 
forecasts of weather. 

6. The charts given below will serve to illustrate the use of upper wind 
data in weather forecasting : — 
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There was a discontinuity in upper air from north-west Bihai: to central 
Bengal with marked convergence of moist easterly and westerly land currents 
on the morning of the 13th August 1937. Very heavy rain fell along and near 
the discontinuity by the next morning. 

The monsoon was fairly active in Assam and north Bengal on the iOth 
July, 1938, but the upper winds on the 20th morning showed that the moist 
winds had been deflected away from the region and had been replaced by dry 
easterly land winds with the result that there was very little rain in north 
Bengal and Assam during the next 24 hours. 

On the 14th May 1934, morning, surface conditions appeared favourable 
for the ocourreruje of thunderstorms and nor’ westers in Bengal, but the upper 
air conditions were unfavourable. The moist air current from the Bay was 
shallow and less than 0*6 km. deep at (Mciitta and less than 1 km, in south* 
east Bengal. None of the observatories in Bengal recorded any thunderstom 
or nor’ wester on this day. 

After reading the above paper, the author showed a few jnore sets of 
weather charts illustrating (1) decrease of rainfall with divergence in upper 
air currents, and with the diversion or stoppage of the supply of moist air 
currents and its replacement by dry land air, (2) heavy rainfall due to oro- 
graphy of hilly regions and their neighbourhood, and (3) occurrence of thunder- 
storms and nor’ westers in Bengal when upper wind conditions are favourable. 

UlSOUSSIOK. 

The Preddmt : This paper is now open for discussion. 

Dt, Hoy : What is the character of the easterly wind at Calcutta ? 

Dr. Praimnih : If the easterly wind at Calcutta can be traced to have 
come from the Bay we consider it as moist Bay air and if we find that the 
upper winds in south-east Bengal do not support such a view and that the wind 
at Calcutta can be traced to have come from north-east Bengal or Assam 
we take it to be dry land air. 

Mr, Domiswamy Iyer : I would like to know whether any attempt has 
been made to correlate upper winds with weather 48 hours ahead. In upper air 
telegrams in addition to the direction the velocities are also known. Has any 
attempt been made to correlate subsequent weather phenomena, especiaily 
rainfall, with the wind velocities ? 

Dr. Pfmnanik : Forecasts for 48 hours have not been issued offioiaUy, but 
for our own use we have on some occasions tried to correlate upper winds with 
weather 48 hours later. In issuing forecasts both the directions and velocities 
of the upper winds are taken into oonsideratioUf but I have not tried to 
correlate weather with only the velocities. 



WEATHER FORECASTING FOR AVIATION WITH SPECIAL 
REFERENCE TO LOCAL FORECASTS. 


By P. R, Kbishna Rao, Karachi, 


{Read at Sympoeiunif July 25-26, 1938,) 

It is well known that weather forecasts are of considerable importance to 
aviation because safety in take oil, actual flight and landing, and also regularity 
of scheduled air service flights, depend on the weather and wind conditions 
experienced. The phenomena which aflPect safety are mainly the convectional 
and atmospheric obscurity phenomena experienced in the free air as well as 
at the landing stations on the ground. The direction and force of upper winds 
affect economy in flying, and also aflect safety indirectly when, due to strong 
head winds and limited fuel capacity, forced landing becomes inevitable. 
Therefore, the main items of information included in aviation forecasts are; 

(i) cloud, together with ceiling height, (ii) visibility and the atmospheric 
obscurity phenomena which cause its deterioration, (iii) other adverse 
weather phenomena, mainly of convective type, and (iv) ground and upper 
winds. Forecast of cloud conditions becomes specially important for aerial 
recounaisance and photography in military aviation. 

Aviation forecasts may be divided into three categories: (i) I’egional, 

(ii) route, and (iii) local. Although all aviation forecasts are based, like 
other types of forecasts, on an analysis and study of synoptic weather maps, 
each of these categories has certain special problems of its own. 

Regional forecasts. 

In India, regional aviation forecasts are issued by the R. A.F. Meteorological 
Oflioes at Karachi and Peshawar to the R.A.F. units in north-west India, 
These forecasts indicate in general terms the likely weather conditions over 
different parts of a large area during a period of 24 hrs. The forecasts though 
referring to a large area are useful at any station within it for understanding 
the local weather changes and anticipating developments. In case of cross- 
country flights undertaken at very short notice, they also serve to a certain 
extent the purpose of route forecasts. 

A typical regional forecast for Sind and Baluchistan together with local 
forecast for Karachi is given below: 

‘ Skies mainly overcast low cloud Karacld, and 6 to 8 tenths covered 
oumulus Btrato-oumuluB noAb-east Baluchistan afternoon with likelihood 
scattered thunderstorms aaa otherwise and elsewhere mainly clear aaa 
Local dusthoze lower Sind north Baluchistan otherwise visibility fair aaa 
Ground winds moderate to strong gusty W to SW lower Sind moderate 
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SE to 8 upi>er Sind and E to SE elsewhere aaa Ix)cal squalls probable 
afternoon north^-east Baluchistan. 

Local forecast — Sky mainly overcast strato-cuiuulus base 3,500 to 
4,(K)0 feet with slight ocKtasional tlrizzle aaa Visibility fair aaa Ground 
wind moderate to strong gusty WSW, maximum force 25 IVLP.H.’ 

In framing ri^gk)nal forecasts the development and general movement of 
disturbamres and associated fronts require careful coTisideration. In this 
connection, the most useful aid, ajiart from the sijrface synoptic chart, is the 
tipper wind chart at different levels. The upinn* wind maps with approximate 
isobars drawn on them, studied in compaiison with similar ma|>s at the previous 
routine hour of observation, give a fairly correct idea of the probable movement 
of distiu’bances and fronts. Over the hilly regions of Baluchistan and the 
North-West Fi’ontier where observatories are few and tracing of fronts is not 
always possible, the upper wind observations are of help in understanding and 
judging the movement of disturbances and associated fronts. 

Ronie forecasts. 

Route forecasts require a more detailed study in view of the restricted 
area and the short period of a few hours to which they refer. When there 
are disturbances or depressions moving towards the route, a fairly correct 
judging of their movement and the effect such movement would produce on 
the weather conditions along the route during the period of flight become 
important. It is sometimes quite difficult to judge such movement correctly. 
The upper wind charts are again of considerable help in this connection because 
they indicate by the changes which have taken place in the direction and 
forcAi of upper winds sintiC the previous chart, the extent and the depth to 
which different air-masses have penetrated into the country and also the 
positions of surfaces of* discontinuity or fronts at the different levels. An 
occasion where the upper wind charts os well as the surface synoptic charts 
showed clearly the positions of fronts at the surface and at the different levels 
over north India occurred in the j»eriod 14th to 17 th July, 1938. 

Direction of upi)er winds considered with surface conditions of temperature, 
humidity, etc. can be taken to identify the different air-masses but this is not 
always satisfactory . A south-east wind at T.iahore at surface and even at 
higher levels in the monsoon season may not necessarily mean that it is moist 
monsoon air and sometimes rain may occur at Lahore when the upper winds 
at. all levels are from NW. Daily aeroiogical data, from aeroplane flights or 
otherwise, from representative stations are necessary to recognize the air- 
masses correctly and improve the forecasts. In this connection daily aeroplane 
meteorological flights by the R.A.F. at Karachi, Fort Sandeman, Miransbah, 
Peshawar, Lahore, Ambala and Delhi will be of considerable help in weather 
forecasting over north-west India, as they will enable construction of atmos- 
pheric vertical cross-sectional diagrams, as done in U.S.A., along the lines 
Korachi-Peshawar and Delhi-Peshawar. 
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The diurnal distribtition of weather phenomena affecting aviation is of 
importance in route forecasting work. Over north-west India, in the summer 
and monsoon period, insolation appears to have considerable influence on 
weather. Development of cumulus clouds and thunderstorms and dust- 
storms occur generally after 3 p.m. and more often after 5 p.m. Rainfall 
unconnected with depressions generally occurs after 5 p,m. On some occasions 
weather may bo quite suitable for flying in the morning but deteriorate in the 
afternoon, mainly after 3 or 4 p.m. In view of the restricted period for which 
route forecjasts are issued, a knowledge of the * Aviation climatology ’ of different 
parts of the day of impoitant stations along air routes is of help in route fore- 
casting work. On most occasions in the summer and monsoon ])eriod, fair or 
fine weather can be forecast over north-west India for flights in the morning 
hours. 

The effect of mountains on the upper wind circulation is of importance 
for upper wind forecasts over submontane regions. It has been sometimes 
leported by pilots that on clear days in winte>r when there is a general north- 
west to west circulation, upper winds in the lower levels in the submontane 
regions are different from, and sometimes opposite to, the winds in the plains 
somewhat further away. Our experience with the upi>er wind data at lower 
levels from D. I. Khan and Jacobabad also shows that the effect of mountains 
is well marked. In view of the extensive flying by the R.A.F. in the sub- 
montane regions of the North-West Frontier and the western Himalayas, this 
question of the effect of mountains on upper wind oirculatiou is one which 
deserves detailed examination. 

Local forecoMa, 

IjQcal forecasts are of importance for local flying, particularly in connection 
with night flying and aerial photography, for which information of cloud and 
visibility are specially required. They are also of use for supply to aircraft 
flying towards the station. For successful local forecasting a background of 
complete knowledge of the frequency of weather phenomena and their times of 
occurrence and the norma! upper air temperature and humidity distrib\ition 
up to about 5 Kms. appears essential. 

Tephigrams drawn from the results of aeroplane meteorological flights 
have been found to be of use in local forecasting work at Karachi. A remark- 
able feature of the upper air temperature distribution over Karachi is the 
inversion of temperature which occurs during April to September separating a 
lower layer of moist air from a very much drier and potentially warmer air 
above* The intemity and height of base of the inversion increases with the 
progress of the season and is maximum in July and August. This inversion, 
winch appears to be a direct consequence of the sharp humidity discontinuity 
with very dry air above moist air, acta as a barrier preventing the penetration 
of conveotional currents from below. Owing to this inversion it may be 
expected that the soaring flight of gliders would not ordinarily be possible over 
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Karachi in the summer and momoon period unless towed to the region above 
the top of the inversion, which would be al)out 5,000 feet in the monsoon period 
and about 3,000 feet in the summer period. The inversion is so well marked 
that the insolatioiial warming up of the lower moist air layer cannot generally 
obliterate it and build up a sufficiently large lapse rate in its place for convec- 
tion to continue iipwards. It is for this reason that thunderstorms and 
duststorms due to purely local insoiational convection ore rare at Karachi and 
such phenomena therefor© generally occur associated with depressions or 
extension of monsoon into Sind. 

A general examination of the tephigrama of Karachi shows that a pre- 
liminary condition for the occurrence of any adverse weather phenomenon of 
the convective type during April to September is the considerable weakening 
or disappearance of the inversion. This condition should l)e considered as 
iie(?esBary but not sufficient, and can occur when the air-mass above the inversion 
is replaced by colder air or when the alt below it is replaced by warmer air. 
The former is generally the more predominant cause. 


Temperature 



Fig.I. 
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Fig. 1 fihowB the tephigramB and wet bulb curves on the mornings of 
20th and 2l8t July, 1938. Above a height of about 4,000 feet there was a 
very well-marked fall of dry bulb and rise of wet bulb temperature between 
the 20th to 21st, indicating the arrival of colder and moister air. Tlxe effect 
of this, as is evident from the figure, wa-s the destruction of the well-marked 
inversion which existed on the 20th. On the 21 st morning there was, however* 
still an isothermal region but it is likely that with a further rapid fall of 
temperature and rise of humidity on the 21st conditions became unstable for 
rising surface air hy the afternoon. Thunderstorm accompanied with moderate 
to heavy rain commenced at 1417 hrs. and continued till 1746 hrs. Further 
intermittent rain occurred in the night. Total rainfall at Drigh Road up to 
morning of 22nd was 3*7 inches. 

The likelihood of a thunderstorm or duststorm in the afternoon (;un be 
judged by examining the morning tephigram, after taking into account the 
contributory effect of the afternoon insolation. In tliis connection the idea 
of latent instability introduced by Dr, C. W. B. Normand is of practical 
importance. 
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An inspection of the Karachi tephigrams shows that on days of thunder- 
storms or duststorms or thundery conditions, the morning tephigram at 
Karachi shows convective instability condition up to about 6,000 to 9,000 feet 
and real latent instability or actual vertical instability condition in the lower 
levels up to about 3,000 feet. There is great likelihood of a thunderstorm 
when the morning tephigram shows, after considering the effect on it of the 
afternoon insolation, no * negative area’ but considerable ‘positive area’ and 
the atmosphere is humid at all heights up to about 6 Kms. This is possible 
when the potential condensation point of surface air lies on the afternoon 
tephigi'am or to the higher temperature side of it and the portion of the tephi- 
gram at higher levels is on the lower tenifierature side of the saturation adiabatic 
drawn through the condenHation point. The tephigram and wet bulb curve 
on the 24th March, 1932 (fig. 2) can be taken to represent a typical condition 
indicating considerable likoliliood of thunderstorm at Karachi. They were 
drawn from observations of an aeroplane meteorological flight which was 
completed about 6 minutes before a squall with thunderstorm occurred and 
show a highly unstable condition for rising Bvirface air with superadiabatic 
lapse rate in the first 2,000 feet. When only a duststorm occurs, the air above 
about 1 Km. is comparatively dry as compared to conditions prior to a thunder- 
storm. Thunderstorm or duststorm can be expected at Karachi if the morning 
tephigram, with the possible alteration in it due to afternoon insolation and 
expected change of air-mass or other caxises, is anticipated to assume the 
form shown in fig. 2. 

The effect of afternoon insolation on the morning tephigi'am is usually 
supposed to be due to the building up of adiabatic lapse rate up to the height 
con’esponding to the point at which the dry adiabatic through the maximum 
temperature of the day meets the tephigram. At higher levels the tephigram 
is assumed to remain unaltered if there is no change of air-mass. When, how- 
ever, there is a permanent inversion with a well-marked humidity discontinuity 
as over Karachi, the changes in the height of base of the inversion during 
the day causes changes of temperature and humidity in the inversion region 
which extends above the point at which dry adiabatic through the maximum 
temperature cuts the morning tephigrams. 

At Karachi during the inversion season April to September, and specially 
during June to August, skies are heavily covered with stratus, strato-cumulus 
and cumulus, sometimes throughout the 24 hrs., and affect local flying con- 
siderably. The problem of forecasting the clearing or persistence of these 
clouds is therefore of importance. Some interesting papers ® regarding 

1 Sverrs Fetterwien, On the causes and forecasting of the California fog. Joum. 
Aero. SdmetB, July 1036. 

^ Irving F* Krick, Forecasting the dissipation of fog and stratus clouds. Joum, Aero. 
Sdeno$», July 1037. 

* B* H. Poulter, Cloud forecasting, the daily use of the tephigram. — Q.J. Boy. Mei* 
3oo., April 163S. 
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forecasting of clouds by the use of aerological data have appeared in the last 
two years. 

The chief cavise of octnirreuce of these clouds at Karachi appears to be 
both radiation and convective turbulence of moist air, the latter having pre* 
ponderanoe in the day time. This view is supported by the fact that while 
the clouds are formed as stratus in the late night and early morning hours, 
they change to strato-cumulus and cumulus in the day time. The lapse ratti 
in the moist air -mass below the clouds is nearly the dry adiabatic in the morning 
and evening horn's and often exceeds tht^ dry adiabatic between 10 a.m. and 
5 P.M. The appeaiance and clearing of clouds are closely connected with the 
inversion and the general temperature and humidity tlistribution at different 
hours of the day.. Fig. 3 shows mean tephigrams and wet bulb temperature 


Temperature 



curves at different hours of the day during April to September drawn 
data of some multiple meteorolog^oal iights made at Karadd. The diagram 
shows that the inversum level increases slightly during the morning hours 
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and deorciases late in the aft-ernoon and that below the inverision the lapee rate 
of temperature which is slightly lesa than the dry adiabatic rate in the morning 
increases with the day and becomes slightly superadiabatio in the afternoon. 
Clouds generally occur near the inversion, the top of the cloud layer approxi- 
mately coinciding with the base of the inversion. In the day time the cloud 
base agrees approximately with the potential condensation level of surface air, 
The co7idensati^)n level of surface air is directly proportional to the depression 
of the dew point and closely follows the diurnal variation of temperature, as 
the dew point has only a small diurnal variation. The variation in the height 
of base of inversion during the day is comparatively small and when the 
condensation level goes above the base of inversion clouds disappear and appear 
again when the returning condensation level comes below the inversion. Thus 
Ht Ka?*achi the overcast sky in the morning cleam up in the afternwm and 
becomes overcast again in the evening. This happens in the period April to 
June when the hose of inversion is at a low level but in July and August when 
the base of inversion is high, generady above 3,000 feet, and the surface 
humidity is also high, the whole variation in the condensation level often occurs 
below the base of inversion and the sky is overcast the whole day with low 
cloud. 

The tephigram and wet bulb curve on the morning of IBth July, 1938 
(fig. 4) can be taken to be more or less typical of days in July and August on 
which sky is nearly overcast with low cloud throughout the day. Air rising 
adiabatically from the surface would follow the path BCE and would be both 
saturated and unstable in the stage CE, With the progress of day the con- 
densation point woiild move along the isohygric CD, assuming that there is 
no cliange in absolute humidity, and till it passed beyond D rising saturated 
air would be warmer than the environment and cloud would exist and after- 
wards disappear. The surface temperature corresponding to condensation 
at D is F at 96°F. As the surface temperature on that day did not exceed 
96”F, the whole day was clouded. The point C is often on the lower tempera- 
ture side of the tephigram but even then on most occasions when the whole 
day is clouded the saturation adiabatic through C outs the tephigram and 
the temperature corresponding to F is higher than the maximum t6mj>erature 
of the day. There are occasions when the saturation adiabatic through C 
does not cut the tephigram but is on the lower temperature side of it. In 
such coses if C is belo w the base of inversion, clouds occur if the environment 
is sufficiently humid but these clouds disappear when with the progress of 
day C goes above the base of inversion. What actually determines the time 
of clearance of cloud is the thickness of the layer CD which is approximately 
the same os the difference between the condensation level and the base of 
inversion. 

Changes in the temperature and humidity dkUitaution during the day, 
ti^eially due to changes in the bd^t of base of inverrion, introduce some 
(N:>mplication. Owing to this, on some occasions which occur mainly in May 
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Temperature F 



and June, while the morning t/ophigrain may indicate clouding thronghont 
the day, skies may be clear for sometime in the afternoon. 

From the above diecussion it will be seen that the morning tephigrain in 
helpful for determining whether the whole day will be clouded or if the clouds 
are likely to clear, and the approximate surface tem|x^rature at which it would 
occur. If this temperature is lose than the expected maximum temperature 
of the day the approximate time at which it will occur (iould be determined 
from the normal diurnal temperature variation curve for tiie montii. 

When upper air . temperature and humidity data aw not available, a 
rough approximation to the height of base of turbulence cloud during the day* 
i.e. between 10 a.m, and 6 r.M., would bo the height of the condensation level 
of surface air. When the normal diurnal variation of depression of the dew 
point is known, the approximate value at any time on a i>articular day can be 
d^rmined when its value at any other previous hour is known. It is pre^ 
hsrable to consider the actual depression of the dew point at an evening hour, 
for example 2000 hr»., and from this determine the likely value at any time 
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during the next day by using the normal diurnal variation curve. The approxi- 
mate condensation level is 1,000 feet for every 4*2®F depression of the dew 
point. An enor of in the depression of the dew point involves an error of 
about 240 feet in the condensation level. * 

The problem of fog forecasting is also of oonsiderable imjKjrtanoe for 
aviation. There are various types of fogs but the most tH)mniou is the radiation 
ground fog formed by the radiation cooling of air at lower levels in contact 
with the ground to its dew point on clear or lightly clouded nights with light 
winds. At Karachi Air Port, fogs occur during October to April but are not 
very frequent, the annual average being only about 12. An examination of a 
large number of fogs in previous years shows that most of them are radiation 
ground fogs and are generally very thick, visibility going down to 1 or 0. 
particularly in Octobtjr-November and February -Mar eh. The only known 
method of forecasting radiation ground fog is an empirical one by the use ot‘ 
the ‘Taylor diagram*. By using the 14 G.M.T. surface observation data, 
Taylor diagx*ams have been constructed for Karachi Air Port for diiferent 
periods of the fog season. These diagrams do not by themselves provide a 
completely satisfactory method of fog forecasting but serve as an aid and 
have to be used in conjunction with weather charts. The diagrams have not 
proved quite successful in foi‘ecasting of actual oeceisions of fog but they have 
served the purpose of ruling out days when fog is uiJikely whenever the point 
based on the evening observation is above the line. 

It is considered that in the absence of daily upper aii* temperature and 
humidity data, an aid to local weather Ibrecasting would be the classification 
of days in different seasons into a number of types according to the air-mass 
prevailing over the pla<?e as detennined from surface pressure, temperature 
and humidity distribution and upper winds at diffei’cnt heights. When such 
a classification has been made by prior study, together with the normal weather 
on each tyi)e of day, the forecaster can, after determining from the evening 
weather chart and upper winds the type to which the following day is iikdy 
to belong, forecast the normal weather of that. day . A statistical classification 
of local weather types on the above lines may prove of help in forecasting 
work. 

Discussion. 

The Freside^d : J wish to invite* discussion on this paper. 

Dr, Ramanat^ian: Have any ascents been made at places slightly away 
li'om Karachi These will show the variation of the level of inversion. 

ifr. Krishrm Boo : It has been possible to have two simultaneous asoents 
at Karachi and Hyderabad. These show that the levels and intensities of the 
inversion at the two places are nearly the same. 

(The view was expressed that ascents at some place more to the north of 
Karachi would give valuable information.) 



KINEMATICAL METHODB IN WEATHER FORECASTING. 


Rjy S. K, Bankkji, Metmrological Office^ Poona, 

{Read ^ympoaium, July, 25-2^, 19^8,) 

1. Kinematical methods cjaii be adopted to make a forecast whenever 
any atmospheric process is in a state of motion. This method has been 
developed largely by Dedebant and Petterssen. We concentrate attention on 
a certain system, such as a field of pressure associated with the atmospheric 
process in operation, say a cyclone, a trough, a front, a wedge, etc., and th^ 
method depends on the calculation of the velocity and acceleration of repre- 
sentative points of the system based on the knowledge of its motion during 
the past few hours. If F is the velocity of an element of isobar in the direc- 
tion of its normal, and A the acceleration in the same direction, then the 
displacement of the isobar at that point after time i is given by 

== Vt+l At^, 

Formulae can also be obtained to determine whether a cycloiie or a trough 
will be deepening or filling up during the next few hours. 

The fundamental assumption involved in the calculation is that the 
system is moving in a continuous manner and whenever this assumption is 
justified, the calculation gives, with a considerable degree of accuracy, the 
displaced position of the isobaric system after the lapse of a few hours, provided 
the velocity and acceleration have been calculated on the data of the previous 
two or three hours. 


2. Velocity and Acceleratioji of a Oharaateriatic Curve, 

If an entity (say, the pressure), which is a function of the (JO-ordinates 
and time, namely, Fisc, y, is in a state of motion, then at time t -f S/, 
its value is given by F[x+uM, y+v^t, tA-U), or. 


^ dr dy di 


u and V being the components of velocity. This is also equal to 


Therefore, 


DF dF , dF , dF 


Let UB oonaider the movemeQt of an isobar. It is a characteristic curve, 
whose equation can be written in the form 

l> ■■ jj(as, y, t) »■ oonetant ■■ C, (C « 


VOI.. V— Ne. 1. 


[PttbUSbMl May Sth. IMS. 
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The displacement of an element of the curve tangential to the curve itself 
is of no consequence so far as the future position of the isobar is concerned* 
To find the rate of motion ( V) of the curve normal to itself we get at time 

p(x+lVhtt y+mVhit t+ht) = Ct 

where rn are the direction cosines of the normal at y). Therefore, 


or, 




dp 

Bt 


0 , 


^ dn^dt ’ 


where S?t is an element of the normal to the curve at (a?, y). We thus get 

,/ ^ / dp 

Bi * 


Thus, the velocity is equal to minus the barometric tendency divided by the 
j)reH8\iro gradient. We can also express the result in the form 

T being the barometric tendency, and h the distance between two neighbouring 
unit isobars. The velocity of an isobar normal to itself is thus equal to minus 
the tendency multiplied by the distance between two neighbouring unit 
isobars. If the normal is drawn in the direction in which the gradient is 
iwsitive, then an isobar moves in the direction of the normal if pressure is 
falling with time in that direction; if pressure is rising with time then it moves 
in the opposite direction. The velocity is greater the greater the tendency or 
the smaller the gradient. Other things being equal, a shallow dopi-easion 
moves with a greater velocity than a deep one. 

3. Accehration of isobars. 

If the ar-axis coincides with the direotion of the normal, we have 


D 

Dt 

Therefore, acceleration 

A 

and 



DV 

Dt 


BV 

IT 


+ F 


Bx 




32 32 

« _4.2F™- 
Bt^^ dxBt 

Kow , taking the oharacteristic curve 

p Vf i) 




ocmstant} 


a 
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we see at OBoe that in a system of eo-ordinateft that move with the curve 
element in question 

■■ 




We thus get 


+21' 


4, Motion of a centre of a cychne or an anticyclone. 

At the centre of a cyclone or an anticyclone, the pressure is minimum or 
maximum respectively. Therefore, the characteristic property of the centre 
is given by 


J = o.|^ = o. 

dy 


coupled with the condition 


>0 > 0 

If F,, Vy denote the components of velocity of the centre in the directions of 
axes of X and y, we get by treating the above characteristic equations in the 
same way as we treated the other characteristic curves, 

V ^ / tP V ' ^P 

TM! a** ' »" 3y3l ./ 3y2' 

The velocity of the pressure centre is, therefore, proportional to the isallobaric 
gradient and inversely proportional to the steepness of the pressure profile. 
The components of acceleration Af) are easily shown to be 


=-(■ 


S^p d^p 

dxdt^ 9** 


j!p\ '(^py 

8 dxdf dxm) \dxy ’ 

0 „ S*p \ / 

2 dydt' dy^ft) ' \By^) 


_ / d^p 9*j» „ 9*/) \ //^Y 

* 9y* Sydt'dy^ft/ ' \dy^/ 

5. Movement of trough lines. 

TJie preasuie distribution exhibits a trough or a wedge when the isobars 
are curved in such a way that there is maximum of curvature along a line in 
iihe pressure field. If the trough line is taken as the y-axis and a line per- 
pendicular to it as the a;-axis, the trough line is characterized by the following 
oonditions 

^ a. 0 and ~ i 0. 
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Therefore the velocity of any point of the trough line normal to itself ia 

d^ p I ^ p 

dxdt dx^' 

In a aimilar manner we (jan fleteiTnine the aet^eleration of the trough line. 


6. Movement of Fmntfi. 

A front may l>e defined aa the line of interHcetion between a surface of 
dis(iontinuity and a horizontal plane at the ground or in the free atmosphere. 
The surfaw of discontinuity, which is supposed to be the surface of separation 
between two air*masHes of different densities, is of finite thickness and is 
inclined at a definite angle to the horizon dejiending on the diffenmoe of the 
demities. 

If ^ denotes the inclination of the frontal surface to the horizon, we have 
according to the well-known formula, 


Pi, P 2 being the densities of the air-masses. So long as a front maintains its 

a 

characteristic existence pi is never equal to pg. Therefore ~ is never equal 


to 


dr 


At the snrfacse of discontinuity the following conditions must be satisfied : — 

(1) The pressure on either side of the surface must be equal, but not 

the pressure gradients. 

(2) The velocity components normal to the surface must be equal on 

both sides. 


If Pi and pg be the values of pressure at tw^o points on either side of an 
element of a front, we have 

P\ “* (pi—pg) = 0. 


Treating this equation in the same way as any other characteristic curve, 
we find that the velocity of the front iA the direction of the ;r-axi8 is given by 



The velocity is greater the greater is the difference between the tendencies 
on the two sides of the front, and the smallei* is the difference between the 
pressure gradients. A front is stationary only when 

^Pi9pi 

or the tondendns are equal on both sides of the front. 
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The analytical expression given below for the acceleration of fronts may 
be deduced on general principles 


A SK 


~(^P\ 



d.rdtj’^ ~ a.r2 



% 

d^v 



There are considerable diihcuitiea in computing the acceleration of fronts. 
These arise on acc^ount of the fact that the quantities which have to be put 
in the formula? liave to be taken from the immediate vicinity of the fronts. 

Tn order to avoid confusion, let index I denote the cold air in front of the 
warm front, index 2 the warm air in the rear of the warm front, index 3 the 
warm air in front rd* the cold front, and index 4 the cold air in the rear of the 
cold front. 

jA?t Vff, and V,. denote the velocities of the warm and cold fronts respectively. 
Then 



If the rr-Hxis coincide the direction of isobars in the warm sector, we 
have 

dx dx 


Assuming the front and the rear of the cyclone to be symmetrical with 
regard to pressure distribution, we get 

„ ^p* ^ f) 

Bx dx ^ ■ 


Subtracting 


from Vrt we got 




f Spi ^ _ ^8 i ^Pi \ j^Pj 

\ dt df df dt ) I dx ‘ 


which is a measure of the rate at which the cold front overtakes the warm 
front. From this we see that a negative tendency in the warm sector is favoitr- 

able for occlusion. If the rise of pressure behind the cold front, /.f>. is 

greater than the fall of pressure in front of the warm front, we also 

have favourable conditions for occlusion. 


7. Deepening fiUing up of a depression- 

Deepening or filling refers to the pressure in a moving system of co-ordinates 
which is fixed to the moving pressure system. The connection between the 
pressure variation in a moving system of co-ordinates and a fixed system is 
given by 


Dp dp 
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This equation shows that the pressurti variation at a fixed station is opm|>OBed 
of two parts: (1) one which is caused by the movement of tlie pressure system, 
and (2) one which is caused by the deepening or filling. By computing DpjDt 
for a number of points and by suitable interpolation, the change in structure 
of the moving pressure system may ho calculated. In a moving system of 
co-ordinates, the pi-essure variation when expanded in a Maolaurin’s series is 
given by 

where terms of third and higher orders have been neglected. 

This expression is equivalent to 

= {%+ '■ ■ '+5 ’ 1+^ . VP+F . V(J' . Vp|]^K 

and at a pressure centre, where V p = 0, it reduces to 

. „ _ f^p\ . . 1 , Ot. S^P . ov . T. 2 « 

’>dydr ^ dx^ 


(^p\ /4.'r^^^4.2F 

Wo ' 2 


> ^ V 


+ F.F, 


When the axes are chosen to be the two lines along which there is either 
maximum or minimum of curvature of the pressure profiles, the last term 
vanishes. Tlio integral of deepening or filling per unit time over a surface is 
given by— 


da+ Vc ^pd<jy 


If i, be unit vectors and i coincides with Vi>, have 


* dk *' 

If =5 1 , then dh is the distance between unit isobars. Also— 

do ^ dh , <fo, 

rffl being an element of length of isobar. 

Therefore 


VcVpdfTvsij Vfidif^Vci |* da « 0, 


Hence 


The deepening or filling over the area between two olosed isobars is, therefore, 
equal to the planimetrio value of the barometric tendency in the same area. 

In a system of co-ordinates fixed to a moving isobar 

S"V 
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Therefore 


Hence 


gd„~- 


V Vpd<j^ - 


Vids ss: 


M 

dt 


( 2 ) 


where A is the area enclosed by the isobar. 

Combining (1) and (2), we get 

Dp , dA 

Therefore, when the area enclosed by a closed isobar is contracting, the 
depression is deepening and when the area is expanding it is filling up. 

8. Methods of numerical evaluation. 

The axes of x and y are drawn in tlie dii*ections of maximum and minimum 
curvature respectively of pressure profiles. They need not be at right angles 
or straight lines. The expressions give the velocity and acceleration at the 
origin in the directions of the axes. With a suitable choice of units, wo have 


dt^ 


^ differmca between two consecutive values (three- 


hourly) of barometric tendency, 
d^p 


or 




iP2-P\)-(Pl-‘Po)y 


Po> Pu Pt* being three consecutive pressure observations. 

\g</2 ^ _L 

3x 9ii ^ Soj Hj, * 

where Hg. is the distance between the points of intersection of x-axis (which 
is normal to isobars) and two consecutive unit isallobars. 

*s curvature of the pressure profile in the direction of the x-axis. 

It is easy also to see with reference to Fig. 1 that the values of the different 
differential coefficients can also be obtained from the following expressions:-— 


dxdt 


4.0 0 


1 / 1 , 0 - 1 , 0 \ 

w ) 


3*13 1,0 „o. 0. -1.0 

~-.J3 -2/3 +p 


d‘p 

dxdt^ 

d^p 

&x*dt 






- 1 . 0 , 


1 . 0 


at 


■1, Os 
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FlO. 1. 


The formulae to be urted in any Hpeoifi<; instanoe will depend on the data 
available* 

9. Numerical Evaluation. Order of qmnliHee. 

Let us first consider a hypothetical case. Let Burdwan be on the isobar 
29‘700 at 8 hrs. and let the normal to the isobar pass through Calcutta and 
Asansol. Let us oaloiilate the velocity and the acceleration of this isobar at 
Burdwan. Let us suppose that the following pressure observations are 
avaOable; — 

Calcutta. Burdwan. Asansol. 
Pressure at 2 hrs. .. 29-728 29-713 29-704 

Pressure at 5 hrs. 29-723 29-707 29-698 

Pressure at 8 hrs. . . 29-716 29-700 29-690 

Dbtanoe between Calcutta and Burdwan » 60 miles. 

„ „ Burdwan and Asansol »» 60 miles. 

Mean pressure gradient at 8 hrs. at Burdwan (units: pressure in thousandth 
part of an inch and distance in miles) 
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Rate of change of presBure at Burdwan is 7 in three hours. Therefore the 
velocity of the isobar at Burdwan is 

40 

« 7 X -g- miles in 3 hours 
or about 10 miles per hour. 

[If the value of the rate of ohange of pressure at an indi vidual station is doubtful, 
we can take the moan of the rates of change at the station and neighbouring 
stations to obtain an approximation. In this case the mean of the rates of 
change at Calcutta^ Burdwan and Asausol is also about 7 in 3 hours.] 

At Burdwan, the value hour, at Calcutta it is 

3 2 

g per hour per hour and at Asansol g p<u‘ hour per hotir. If there is a baro- 
d^p 

graph at Burdwan, then at that station is given }>y the curvature of the 

barogram at that station. In the absomjo of a bs-rograph, an approximate 
dim 

value of is obtained by taking the mean of the values of this quantity 

d^p 2 

at the 3 stations. The value of is therefore ixu* hour pt^r hour. 

Tho value of at Burdwan 


f9p\ _f^p\ /3p\ ^(^P\ "1 

Wvcul V^^/Bui. ■ V^VBni. \^/A.i»u. 1 

60 60 J 

1 r8-7 , 7-8~| _ _ 

2 L 60 60 J ~ 


in 3 hourH 


as — p«r mile per hour. 

is tho curvature of the pressure jMofilc along the *-axis. In the 

[veaent case, we can attribute the gradient to the midpoint between 

Gftloutta and Burdwan and the gradient ^ to the midpoint between Burdwan 
and Asanaol, 


Therefore 




1 rw w“j 
1+26 Loo 6oJ 


30+26 

Therefore the aooeleration of the isobar at Burdwan 


1 . 
1100 


*" 1800 ’ ilooj 

as — 1*3 miles per hour per hour. 
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The magnitude of the acceleration is usually of a smaller order than that 
of the velocity. 

10. Application to Indian Charts, 

For the calculation of the velocity and acceleration we need charts at 
least every 3 hours. In India, this is not available under normal conditions. 
When there is a storm at sea, s|)ecial charts are prepared every 12 hours or 
every 6 hours and occasionally every 3 hours, but unfortunately even in these 
eases the data available for the sea areas are quite inadequate for the application 
of the method. 

In the following examples, therefore, no attempt is made to determine 
the acceleration term. In one or two cases, only the order of the quantity 
involved will be indicated. 


(a) Storm of OckJber 31 — November 2, 1927. (Figs. 2-9.) 


The track had an abrupt curvature between 8 hrs. and 18 hrs. of 2nd 
November and it is of interest to know whether the calculation of the velocities 
of the centre of the st/orm would indicate the curvature. Fig. 2 gives the track 
of the storm. The isobaric and the isallobario charts on which the calculation 
is baaed are given in Figs. 5, i\ and 9. 

Taking the isobaric chart for Ist November (8 hrs.), we see that the 
giadient at Madras is a 0-050 inch in 50 miles and the tendency is -012 inch 
per hour. Therefore the velocity of the isobar is 12 miles per hour. 

The velocity of the centre — 

^ d^p jd^p 10 / I , 

^ Tw / m 

PGr hour. 


In these cases it is simpler to get the values of and from the curvature 


. d^p , d^p 
and 1 
dx'^ 

of the pressure profile (Figs. 4, 6). It will be observed that the calculation 
of the velocity depends on a correct determination or an accurate estimate 
of the pressure profile along the axes. 

With the velocity given above, the centre moved from position -4 at 8 hrs. 
to position at 16 hrs. (Fig. 6). 

On the 2nd November, at 8 hrs — 


" 2(^ " 3^/^ " 10 miles/hr. 

/, F - (r®+ « 13-2 milee/hr. 

The actual movement in the next six hours was 80 miles. By plotting these 
velocities in fig. 9, it is at once seen that there was a change in curvature in 
the track of the storm at this time. 
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We have in this case, roughly, 

1 d^'p _ I S^p \ 08p _ 1 

V “ 30 ’ dydr^ ^ 20 ’ dydt ^ 20 ’ ” ao 

3 

Therefore = 2 hour. 

This gives roughly the order of the acceleration term. 

From the 3 hrs. chart of 2nd November, 1927 we see that the planimetric 
value of the tendency within the isobar 29-000 in. is about —*015 in. per unit 
area per hour. This means that the depression will be deej)orung at the rate 
of — -015 in, |ier hour. Therefore during the next 5 hours the deepening will 
be *075 in. Actual deepening was *100 in. The lower (ialculated value is 
due to an under-estimate of the tendency values, the estimate being based on 
observations taken at 17 hrs. of Ist November, 1927 and 3 hrs. of 2nd November, 
1927. 

(b) Storm, of November 12-20, 1923. (Figs. 10-23.) 

Charts were prepared at intervals of 12 hours. From these (Figs. 12, 
15, 16, 21), we get the following values of the velocities: — 

November 13, 8 hours < lo / 1 

r’-SoSii' 155-*'^ 

{ Fa, =5 ^ ** miles in 12 hours. 

/ 1 

Vv — TK HK *= hours. 

^ 50 oO 

( r, = ^ = 54 miles in 12 hours. 

November 16, 8 hours ' 

November 16, 8 hours < 

( ^ Im “ 

The track given by these values of velocities is given in Fig. 10, which 
agrees very closely with the track actually observed. The calculated position 
of the centre is shown by circles and the observed position by crosses. 


(c) Depression of Jtdy 24 1 1927. (Figs. 24“26.) 

For this depression no special observations are available. The isallobars 
are drawn on the pressure change during the 24 hours (Fig. 24). These give 
the ftdlowing values for the velocities of the pressure centre. 
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s» 210 miles in 24 hours. 

Fy ss 25 miles in 24 hours. 

The oaloulated velocity therefore indicates that on the next morning at 8 hrs. 
the centre of the depression will be at Petirdra whereas it was actually halfway 
between Jubbulpore and Pendra. The calculation, therefore, gives a smaller 
velocity than the actual by 25 per cent. This is due to an under-estimate of 
the tendency values. 

It is clear from this example that an elongated depression generally moves 
very nearly in the direction of the major axis. 

Working rules. 

From the formulee and the examples given above, the following working 
rules relating to cyclones and anticyclones are readily deduced : — 

(1) A cyclonic or antioyolonio centre moves normal to the isaliobar 

passing through the centre. 

(2) Pressure centres, whose profiles are steep, move slowly. 

(3) Flat pressure centres, accompanied by isallobaric gradient of some 

magnitude, move quickly. 

(4) A pressure centre is stationary when the tendency is uniform in all 

directions. 

(5) Very oblong cyclones or antioyolones generally move along the 

longest symmetry axis. 

(6) The deepening celerity of a pressure centre is equal to the barometric 

tendency in the pressure centre. 
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J)uaaaaxai. 

Pnatimt : This papor is now <^n for dboiusioti. Has this metiiod bora 
used largely in the depertment ? 
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Dr. Bmuirji : Every forecaster uses the la»ws in a qualitative way. At 
Bergen this method is l>eing sucoessfnlly applied daily in a quantitative manner 
by Prof. Sverre Petterssen who is a member of the Norwegian Meteorological 
Service. We have tried it on certain days in a very rough way ; caloulatiom 
can be made fairly quickly. This method is easy to apply in Europe where 
barometric tendencies are regularly reported. In India, these tendenoies arts 
not reported for day to day work and so the calculation has to be based on 
changes for past 12 hours or more. Tins introduces very considerable error. 
But I think the method is well worth trying. 

President: What has been the amount of success in the calculated 
predictions ? 

Dr. Bmsrji : I do not think we liave given a fair trial to the metluxl to 
say dotinitely about its success in India, The accuracy of the prediction 
depends on the accuracy with which the isobaric and isaJlo baric charts are 
drawn. From the crude trials we can only say that it gives fairly correctly 
the direction of movement of a storm as well as (ihanges that are likely to take 
pla<5e in it. 

Dr. R(ty : Could Dr. Banerji tell us if the kinematica) methods of analysis 
would be helpful in forecasting when a cyclone recurves ? 

Dr. Banerji ; Ti‘ the isobars and isallobars are drawn with a reasonable 
degree of accuracy, an indication of the recurving of a cyclone will be obtained 
from the components of velocity. The axes are drawn in the directions of 
maximum and minimum curva tures of the isobars and it wUl be observed from 
the examples given that when recurvature occurs the axes undergo a rotation. 

Mr. Bam : Dr. Banerji said that although over the sea there is indefinite- 
ness in drawing isobaric lines, over land they can bo done with greater accuracy. 
I would like to know whether uncertainties of measuriaxg distances on maps 
of the scale that we use , viz.^ one in ten million or one in 6fteen or twenty million, 
influence the calculations to any appreciable extent. The second point I wish 
to raise is this. Dr. Banerji has shown that the use of isobaric tendencies for 
three hours is quite satisfactory in working out Petterssen^s equations. But 
in India we do not have barometric tendenoies for 3 hours reported. On the 
other hand I i-emember an occjision when Dr. Banerji applied these equations 
to forecast the track of a cyclone at the head of the Bay of Bengal, by using 
the 12 hour pressure changes in place of 3 hourly tendencies, and the pre- 
dicted path was very far out from the actual path, the centre which was fore- 
casted to be over Pumea on the next day being actually near Barisal so that 
while recommending a trial of these methods in India, he said that) it would be 
better to have barometric tendencies for 3 hours. Could Dr, Banerji indicate 
whether an interval of more than 3 hours but less thati 12 hours will be suitable, 
and if so what interval ? 

Dr. Banerji : In the particular case referred to, changes were calculated 
on barometric observations taken 24 hours before ; Poona had no evenmg chart 
then* With the data available the aocaieratioii terms could not be calculated, 
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The example cannot be considered to be a fair trial of the method. It is 
necessary to realize that both the velocity and acceleration terms are important, 
for although the value of the acceleration is small compared with the velocity, 
it is multiplied by the square of the time.- As for the scale of the map, I do 
not think that the scale we now use introduces any large error in the calcula- 
tion, As regards the second point, too small an interval, like an hour, is not 
good for the reason that there is a limit of accuracy to which barometers can 
be read and so the changes recorded over small intervals of time will bo con- 
siderably in error. In many cases the change will be of the same order as the 
error in determining it. On the other hand, if the interval is too large, 12 hours 
or 24: hours, we cannot obviously use the quantities in getting accurate values 
of difteiential coefficients. The mathematical formulae are accurate; the 
difficulty is in getting correct numerical values. 

President : The mathematics is always accurate ; the fault is only of the 
observations. I now request Dr. Normand to give a short review of the 
discussion. It is for the President to have done that, but meteorology is 
strange to me and I hope that Dr. Normand will come to our help. 








Fio. 4 , 
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RfiFLKOTIOJSr AND ABSORPriON OF THE ELECTROMAGNETIC 
WAVES IN THE IONOSPHERE. 

By K. B. Mathijh, M.Nc., Physics DejMtrime.ni, University of AUaJuihrid, 

(Communicated by Prof. M. N. Saha, F.R.S., F.N.i.) 


{Rend April 5, 1939.) 

The problem of total rcfleetion of e.m. waves from tffe Ionosphere has 
been studied by numerous investigators. Appleton (1932), who is the pioneer 
worker in this field, assumes that when collisional damping can be neglected, 
for vertical incidence reflection takes place, when the I’ofractive index becomes 
equal to zero. From this assumption he obtained throe couditiouB of reflections 
now well known. Following the discovery of Pant and Bajpai (1937) of a 
ease of reflection in which /o— /j, ==*14 Me./soc. instead of *04 Mc./soc. for 4 
Me. /sec., Hai (1937) showed that the observation can Ik) explained if it is 
supposed that reflection takes place whem group velocity becomes equal to 
zero. He showed that this asmimptiori leads to Appletoirs condition, plus 
a fourth one, which amounts to taking refractive index = 00 . This explained 
the T-CBults giving *14 Me, /sec. Bajpai (1937) arrived at tho same 

result from the assumption that reflection takes place when the variation of 
refractive index with the numbeu* of electrons becomes very large. But none 
of the above mentioned authors tried to find the conditions of reflection when 
the collisions of electrons are taken into account. Re(jontly Bose (1938) has 
tried to solve this problem. He thinks that reflection Likes place either 
when // , the magnetic vector of the wave, becomes zero or jK, the electric 
vector, becomes fxirallel to the direction of propigation of tho wave. His 
line of argument is that whet» both the above-mentioned conditions hold the 
disturbance loses its wave character and hence should get reflected. But it 
has l)een found that when these oonditions are fully expanded they reduce to 
tho conditions, either the refractive index should be put equal to zero or to 
infinity. R. C. Majumdar (1938) hixs also attempted this problem. Ho thinks 
that reflection takes place when the Poynting vector is perpendicular to tho 
direction of propagation. Ultimately his conditions also reduce to itsfractive 
index equal to zero and infinity. But in cose where collision cannot be 
neglected tho refractive index becomes complex and algebraicafly it cannot be 
put equal to zero unless the real part as well as the imaginary part are 
separately put equal to zero. It can, however, be easily shown that this leads 
to an tesult. What is tho condition of reflection in such oases ? Before 

taking up this ooee, let us see how the refractive index varies in some simple 

[Published May mh, 1939. 
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cases with height. Wc can put the complex refractive index g as g =» . 

Mary Taylor (1034), Goiibau (1035), Martyn (1936) and others have drawn 
numbers of tjurves showing variation of k with the electron density, for a 
particular value of frequency and different values c)f collisional frequency. 
From these it is clear that at certain valuos of electron concentration ft assumes 
very sinall values, but never becomes zero, or negative. The same is the 
case with absorption coefficient. But it should be emphasized that the refrac- 
tive index curves drawn by these authors give one no idea of the actual variation 
of ft with height because they plot a stories of (ft, z) curves with fixed values of 
collision frequency, while ft is a function of N (the number of electrons) and 
V (the a)llision frequency), both of which are functions of height. What wo 
want to know is the actual variation of ft and k with height. For this purpose, 
the best course would be to draw such curves by assuming certain variation 
of N and v with height. 

In this paper, such curves have been drawn for a so-called simple layer. 
It is very probable that in the case of actual stable layers (like the E and F) 
a simple layer represents the actual variation of electron density with height » 
because Saha and Hai (1938) have actually shown that even continuous 
radiation which produces ionizalion of a definite constituent produces the 
same kind of layer as a simple layer. This was formerly supposed to rise 
from monochromatic radiation alone, and hence it was open to doubt whether 
a simple layer could actually represent a stable layer like the E or the 
F-region. 

§ 1 . 


We have the Appleton Hartree formula (Bajpai and Mathur, 1939) 


CY 

where 


(r^/?)(o>2.«/S2+r/S) 




sin^ (X 


, 4(r— j8)^oos^ 

sin^ « 


a 


C' =x 0082 a) 

r « £9! 

a angle of dip. 

P «al — iS 


P 

ae at ^ cOmpOHents W-, Wfft 

mep p If M 
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p m collisioual frequency 
h aas earth’s magnetic field 
g ssz complex refractive index 
. . cA; 

A = absorption coefficient 
szs real part of refractive index. 

Suffixes o and e will be used to denote the constants for the ordinary and the 
extra-ordinary waves respectively. For the qua^ti-traiis verse case, i.e., when 

4(r— cos^ a . 


w* sin"* a 


equation (1) reduces to 


^2 1 ^ 

(?o ^ 




( 2 ) 


for the ordinary 0-wave — i.e., when we take negative sign in (1) into 
consideration. 


From (2) we have 


/*;-|lVA-»+y+xij 
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where 
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(3) 


(3') 


1+82* '“1+8* 

The algebraic ©xprcBsiorus (3) show at a glance that neither , nor 
can over be negative oven when X is negative. Generally for X positive, is 
large, and fc® is small, but when X is negative, is small but is large. 

Assuming the variation of N with height as given by Chapman s formula 
(1981) we have 


where 


H* 

r. 


4trNoe^ _ 

^ ** mp^ 

Z’-Zq 

' H 
kT 
mg 

i Boltzmann’s constant 
I absolute temperature 
I mean molecular mass 


1 — € * sen X 


( 4 ) 
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g as acceleration due to gravity 
sa height of maximum ionization at the equator at* equinox 
iVo aa electron concentration at the maximum of ion production 
X = angle of incidence of the ionizing radiation from the zenith. 

The variation of colliHional damping with height is assumed to be given by 


In (4) the value of is taken equal to I *5 X 10^, and in (5) the value of vq 
is taken as 10^, which are valid in the case of J5/- region. 

With the help of (3), (S'), (4) and (5) curves for tlie ordinary wave have 
been drawn for X »= 0 between /xo, z* and z' for different frequencies. 


Remarks about the cun)es. 

Fig. (1) shows a curve for p «= l'4141xl0'^ (A *= 133*2 m.) and is repre- 
sentative for frequencies smaller than the penetration frequency. The pQ 
and ifco curves are indicated by the continuous and broken lines respectively. 
The form of those curves show that the so-called deviating region begins 
from nearly z* =s —2*5, i.e. at a depth of about 25 kms. below the maximum 
oonoejitration level (if U is taken equal to 10 km.). For the layer — 1*4 
to z' as 4-2*6, i.e. a distance of 40 kins, is extremely small. Assuming 
iliat the reflection takes place where change of p^ with is veiy large, the 
wave train will get reflected from the |)oint Aq and probably from Bq. For 
the vacuum wavelength A =» 133*2 m. the actual wavelength in the region 
whei*e ^0 small (taking mean value of po 33*3 kms., which 

is of the wime order as the electron barrier and hence there is every possibility 
of the wave leaking through. But due to high absorption in this region 
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probably the distiirbaiioe is completely absorbed before it reaches In 
the po— z' curve the minimum value is reached at %* =» +2*5, 

For the region where po is very small continues to be great* It has 
its maximum at s' =0. The t/otal integrated absorption co( 3 fficient #c = (2 J kds) 
can bo easily calculated from the i*-*curve. For the wave reflected from A^y k 
is given by twice the area bounded by the ii:-(;urve, the abscissa and on the 
left of a vertical line passing through Aq. /c =s 14*U6 for reflection from A(^ 



Fm. 2. 

and K =* 3282 for reflection from /?(), which shows that there is no^possibility 
of reflection from Bq, 

t '^}'Nv 1 ! ! I i I I I f~[ <’^2 l82xl{)’'~j 
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In fig. (2) and ki)^z' curves are drawn for p ^ 2x lO^ (A as fi4*2 m). 
It belongs to the same group as the curve in fig. (1). Here the flat portion 
of the pQ-curve as well as the maximum of ibo-^^^rve have decreased, h for the 
wave reflected from Aq is lb, while for that reflected from Bq it Is 780. 

In fig. (3) po— s' and curves ai*e drawn for frequency equal to the 

penetration frequency which is p = 2*182x107 = (A = 80*34 m.). Hero 
the flat |)ortion which is so prominent in figs. (1) and (2) has disappeared. 
The two branches of the curves meet at z' « 0. It is quite clear that absorp- 
tion is also maximum at z* = 0. The minimum value of po is 0*05, while the 
maximum value of is oue-tenth of that in fig. (2). Evidently the nature 
of the curve shows that there is no reflection at z' = 0, because is changing 
gradually and the change of pp with z' is not largo, k duo to this region 
will be given by twice the area bounded by the ^-curve and the abscissa and 
is nearly 39'(>. 



Fig. (4) shows po, ko-mvvi^B for p » 2*24x107 (A = 84*3 m.) which is 
greater than p^. The form of the curve is similar to that in fig. (3), but the 
minimum value of po is now only 0*22, while the maximum value of kQ is also 
much reduced. In this case k is nearly 16*5. 

Fig. (5) shows pp, l?p-curv©B for p « 4x107 (A w= 47*2 m.). Here the 
minimum value of pp is only 0*84, while absorption is practically negligible. 
The total integrated absorption coefficient k is 4*90, The maximum value of 
is attained at z' = — M, as is expected from theory (Appleton, 1938) if the 
layer behaves as a non-deviating region for this frequency. 
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§ 2 . 

For the extra-ordinary wave in the quaHi-transverso wise (when we take 
-f sign) we have from (1) 

( 6 ) 


/3- 


/3-f 


From (6) we have 
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where 
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(r-l)a+S* 
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(r-l)8+8ii 
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1 + 




Thus we see that equations (7) are of the same form as equations (3), 
hence the remarks made on equations (3) hold here too. 

Using equations (4), (5) and (7) curves have been drawn for and 

for different frequencies assuming x «• 0 and « 6 x 10®. 

Fig. (6) is drawn for =» 14141 xlO'^ (A « 133-2 m.). There are two 
maxima for /i* : (1) a steep maximum » 1*423) at 2 ' » 1*5 and another 
1*379) at z* <w +2*8, remains very small between 2 ' « — 1 to 
z* se +2. There are twp more levels, viz. «' » —1-6 and 2 ' « +34 where 
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has iBlniinuin values, has its maxima at s' « —1*5* z' » 0 and z' 
« +3. The maximum at z' = largest while at z' = 0 it is very 

Hat, 



Assuming as before that the reflection takes place where the change of 
ft*, with height is very large, the reflection will take place from and 

corroHponding to the conditions 


7>o®*P®~PP/. 

(«) 


0) 

Po® * 

(y) 


respectively, which holds good when »/ =» 0. The distance between and 
is nearly 1*3 kms. and since the actual wavelength in the medium is nearly 
1*35 kms., i.e. of the same order as the barrier, tiusre is every possibility of 
the wave leaking through and getting reflected from We also deduce 
from the A;#*curv© the total integrated absorption coefficient Foi* the 
wave reflected from B^ it is 68, which means that the wave will be highly 
absorbed and hence the probability of its being reflected is very much reduced* 
Even in exceptioiially favourable conditions, if the absorption is small, the 
equivalent path difference between refleetiotB from and being only 
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2*0 kins,, these reflections will not be resolved at the receiver. The distance 
between and is nearly 4 knis. and the value of is Hofliciently high, 
so the actual wavelength in the tnediuiu is very very sniall in coinfiarison to 
the distance. Hence tliein^ is no possibility of the wave leakage. Therefore 
we cannot get reflections from t he point Cp. When the w'ave eannot be reflected 
even from the point t’,,, there is no possibility of its l>eing ndle<!tefi from the 
points and at all. 

The total inlcgratetl absorptiim coefiieient k for tlic \s a ve reflected from 
.dp is nearly 12, 



In Fig, (7) ai'andAr^,— 2 :' curves are drawn for p « 2x 10^ (A « 94-2m). 
The curves are representative for frcqueneies for which the conditions of 
refleiJtion (a) and (j5) hold but not <y), k for the wave reflected from 
is 14, while for that reflected from it is 125*6, For reflections from A,, 
and remarks similar to those made In the preceding paragraph hold good. 
In figs. (8) and (0) at' and ifcp—sV curves are drawn for jy « 2* 182x10’ 
{A «« 80*34 m.) and js « 2*236 x 10’ (A = 84*25 m.) respectively. These 
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fn^qiiencicH belong to the name group as the one drawn in fig, (7). In fig. (8) 
the niiniinum value of at z' = 0 has risen to 1, while in fig. (9) there i« no 



mininniin, rather the two maxima have shifted to i s= 0, and the value of 
/i,. is 2*395, The curves for frequencies higher than 2*236 X 10^ (not given 
here) show a gradual fall in the maximum value of at z* = 0, with a corres- 
ponding narrowing of the central jK>rtion, till the penetration frequency given 
by the condition (a) is reached, when the curve reduces to that shown in fig. (10). 
K for the wave reflected from in fig. (8) is 18, while in fig, (9) it is 20. For 
the wave reflected from k is 397 in fig. (H), while it is 1012*6 in fig. (9). In 
these curves also, though the distance between and is of the same order 
as the actual wavelength in the medium, the value of k is bo great that reflection 
from is not possible. 

The value of k due to this region for the |ien©tration frequency p « 
2-4407 X 107 bk 77*02 m.) for which curves are drawn in fig. (10) is 84. Those 
curves arc similar to those in fig. (3) for the ordinary ray. In fig. (11) 
and curves arc drawn for p 4x 10^ (A 47*2 m.) representing curves 
for the frequencies sufiioiently greater than the penetration frequency. In 
this the minimum value of p<, attained is only ‘834 at z' » 0 and hence 
the layer for this frequency behaves as a non-deviating region. But the 
maximum value of is attained at z* w —0*2 and not at z' as —M as was 
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th«5 case in the ordinary wave of the same frequency as shown in fig* (5), The 
total integrated absorption coefficient is 1*6. 



In fig. (12) and kc--z' curves are drawn for p aw 4*472 x 10^ 

(A to 421*3 m.) representing curves for the frequencies less than the gyro- 
magnetic frequency. In tide first becomes greater than unity, then it 
begins to fall very abruptly at z* *» —2*3, attaining very small values between 


178 


K, B. »rATHtJB: BEFT^ECTTON AND ABSOBmON OF 


2 ! ar —2-0 to z* =s +5*5. From z* =» 6 it again abruptly rises and ultimately 
becomes greater than unity. There are two maxima in the ^^.-eurvc : (1) a 
big and flat one at z' = —0-2 and another a very small one at z' = —2*5, 
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§3. 

In the quasi -longittidiiial caBO, i.e., when 

4(/.«-jg)2 a 


>1 


a>^ Biii^ a 

equation (1) reduces to 



whei'e the + sign is taken for the ordinary ray, while the — sign is taken 
for the extra-ordinary ray. Atfor some simplifications we have from (8) 
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The above equations (9) are of the same form as (3) except that here 
we have p®db|>l»» instead of p*. Sintie i»*p* is very very mnall in comx>ariBon to 
p*;kPPi (except for p very near p,) the form of the|(o, and ourvoe, 

for the same gtoup of frequmoies will be stmilar to those drawn for the ordinary 
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ray in the quasi -tran&verise case from (3) and (3'). Only the value of critical 
penetration frequency p,. will change, and here it will be given by 


m 


Pr^±PcP.- 


HciKje a curve drawn for a frequency in this case will be nearly similar to 
the one tirawn for the frequency pxx in the previous case such that == 
pipg^ Ah ibr example the curve drawir in fig, (2) for as 2 X 10^ will be nearly 
similar to the curves drawn in this case for p = 1*766x10^ for the ordinary 
ra}' (taking the -f sign into account) and for p = 2-265x10'^ for the extra- 
ordinary ray (taking the — sign into account) assuming that pg « 5 X 1(1^, 


§4, Discussion. 

The po^z' and Icq'-z* curves for the 0-wave for frequencies much smaller 
than Pc — the penetration frequency — show that the value of is very very 
smaD and is fairly large for a large portion of the layer. But as we approach 
the critical i^enetration frequency, the region for which pq is very very small 
and kQ fairly large decreases, at the same time the minimum value of p^ 
in(jrt“(ases and the maximum value of decreases. At the penetration 
frequency this l>ecomes very narrow'. For still higher fi^equencies the value of 
Pq at z' = 0 goes on increasing, while the ^^^-curve goes on diminishing (vid^ 
figs. (4) and (5)). 

For the wave reflected from Aq the value of k increases as we increase 
the frequency. It is maximum for the penetration frequency. For the wave 
reflected from J?q the values of k are very great. It decreases as we increase the 
frequency and is minimum for the penetration fi’equency. For frequencies 
higher than the penetration frequency the value of « (which is now due to 
the^ whole layer) goes on decreasing as we increase the frequency. 

For the extra-ordinary ray in the Q.T. case in the p^ — z' curve the portions 
between and and and goes on narrowing and the portion between 
C\ and Df, increases as we decrease the frequency, till at the gyromagnetic 
frequency and portions disappear and becomes sufficiently 

broad. For frequencies less than the gyromagnetic frequency the value of 
p^ remains greater than unity on both sides of for some distance. If 
we increase the frequency the reverse happens, till Cg and coincide and if 
we further increase the frequency tliis portion goes up till it disappears and 
the two maxima on either side of C^e coincide and form one maximum 
(vide fig. (8)). For still higher frequencies this maximum decreasesi at the 
same time it becomes narrow till it disappears and and F*, coincide. By 
further increasing the frequency the remaining portion becomes narrow 
till it disappears at the penetration freqiiency and the curve reduces to the 
form shown in fig. (10). For frequencies greater than the penetration 
frequency curve behaves as for the ordinary ray. 
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In the z' curve in the Q.T. case there arc tlirtn? maxima, one at 
and the others very near to the points and If wo decrease the 
frequency the maximum at increases while at B^, and at it decreases 
till they disappear at the gyromagnetic frequency. Below the gyrornagueiic 
frequency there will again be a very small maximum near about Bg. If the 
frequency is increased the reverse hapjxuw, the CJ)g maximum diminishes, 
while those at and at Eg increase, till the maximum at C^Dg disappears. 
If the frequency is further increased the maxima at B^ and Eg coincide, which 
on further increase in frequency diminishes. 

For the waves reflected from Ag as well as from Bg k increases as the 
frequency is increased atid is maximum at the penetration fnjquency. Bui 
at the gyromagnetic frequency k again becomes very great and deiucases with 
further decrease in frequency. For the waves greater than the penetration 
frequency k decream^s as the frequency is increased which is true for the 
ordinary ray also. 

The possibility of reflection of the wave from the |.>oint Bg is very little 
because k in this case is very large. It is smaller for frequencies near the 
gyromagnetic frequency, but then the path diffeTence between the rays refiecjted 
from Ag and Bg is so small that it is not possible to get the two rays 
separated. 

lieflectiou from the point Ag can always be obtained except near tlie 
gyromagnetic frequency and very near the ptuietratioa frequency, where #c 
is large. It is due to the large value of K near the penetration frequency tiiat 
we generally get weak echoes and at times a gap in the (P' — f) curve when 
we pass from one layer to another. 

For the ordinary wave reflection from the |.K)int Aq is always obtained, 
but like the extra-ordinary wave this is also slightly absorbed near the penetra- 
tion frequency. Due to high absorption inflection of the 0-wave from the 
point Bo is not possible. If there is any iwssibility of such reflection then it 
is very near the penetration frequency, but then the path difl'ertuice between 
Aq and Bo ^ small that it is not possible to get the two rays separated 

on the receiver. 

* 

By comparing the values of k for the o- and x-wave of the same frequency 
it is clear that in the Q.T. case for frequencies greater than tlie gyromagnetic 
frequency the ordinary ray will be more absorbed than the extra-ordinary ray 
as is evident from the values of k from figs. (1) and (7), and (2) and (6). Tliese 
results clearly explain the experimental results of Wells and Berkner (1936) 
who obtained at Huanoayo (where Q.T. case holds) that though ordinary and 
extra-ordinary rays ate nearly of equal intensity the latter is slightly stranger 
than the former. For frequencies less than tlie gyromagnetic frequency 
the extra-ordinary ray is more absorbed than the ordinary ray in the Q.T. 
case. In the Q.L. case the extra-ordinary ray will be more absorbed than the 
ordinary ray for all frequenoies as is evident from figs, (1) and (2). 
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If we compare the absorption of thesci two waves by taking the o*wa ve in 
the Q.T. case and the ar-wave in the Q.L. case as has been doiie by Booker 
(1935) then also the ;r-wave is more absorbed than the o-wave. 

In the non-deviating region both for the Q.T. and Q.L. ease tlie o-wavo 
is more absorbed than the :r-wave. The maximum absorption for the o-wavo 
in both Q.T, and Q.L. regions and for the a;-wavo in Q.L. region takes 
place near* the level z* = —Id. But the maximum absorption for the x- 
wave in the Q.T. case takes place near the level z* = — 0*2. Both in the 
Q.T. and Q.L. cases k is greater for the x-wave than the o-wave for the 
jHjnetration frequency (vide figs. (3) and 10) ). 

All these curves have been drawn by assuming certain values of Nq and 
vq. If we change the value of N^y it will alter the value of the penetration 
frequency but the form of the curves for a particular group will not alter 
much. If wo use higher values of vq the fx^z' curve will be slightly raised, 
more prominently on the negative side of 2 ' where /i is very small. The 
k— 2 ' curve will also be raised and the values of k will increase. If wo 
use smaller values of vq the reverse hapfxms. In diawing these curves x 
kept equal to zero. If it is also varied then for small values of x fi^z' 
curve will be like one drawn for slightly lower frequency. For sufficiently 
high(U' values of x there will Iw some difl'erence between the usual form of 
th<j curve. But it is certain that as we iiiczease the value of x value of 
K for a particular frequency will go on dirniiushing. 

My hearty thanks are duo to Prof. M. N. Saha, D.Sc., F.ll.S., and J)r. G. R. 
Toshniwal, D.Hc., for their keen interest and useful suggestions. 

SUMMAEY. 

Curves showing variation of refractive index and absorption coefficient 
with height have \)eev\ drawn for different frequencies for a simple layer, in 
the quasi-transverso and quasi-longitudinal cas<3s. Assuming that the reflection 
takes place where the variation of refractive index with height is very large, 
the points where reflection takes place and the corrosironding total integrated 
absorption cotjfficionts have been calculated. It has been shown that the 
reflection corresponding to the condition /i » oo is not |K>8sible. extra- 
ordinary ray is shown to be more absorbed than the ordinary ray in all cases, 
except in the qiuisi-trans verse case for frequencies greater than the gyromagnetio 
frequency whore the reverse is the case. In the non-deviating region the extra- 
ordijiary ray is less absorbed than the ordinary ray. 
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STUDIES ON THE IONOSPHERE AT ALLAHABAD, 


By B. D. Pant, M,Sc* and R. R. Bajpai, M.Sc.^ Department of Physics, 

A ilahahad University . 

(Comniunictttod by Prof. M. N. Saha, F.R.S.) 


{Beml Ajn'U 5 . lySU.) 

1. Introduction, 

For the lant h^w years since !iK34 wo have been studying the Ionosphere 
at Allahabad. But ho far we generally worked on a fixed frequency of 4 nu;./ 
see. and useful data regarding equivalent }u*ight, col I is ion al frequenc}' 
and reflection coefli(*ieut for the above inoutionod froquency were <rolleeied 
and published.* The present pajier deals with the study of the F-rogion 
during 193(b-3H. TIicho results show that, besides the throe usual conditions 
of reflection obtained from the assumption that radio-waves get' refliM'tcd 
when lK>th their refractive index and group velocity l) 0 (H)nie zei'O, there 
exists another condition of reflection (Pant and Jiajpai, 1937) which has 
been explained as the one where the group velocity ^ s=s (b and g « oo 
(Rai, 1937). Hoction 2 describes our apparatus, while seidion 3 ])resents a 
brief summary of the experimental results. Section 4 contains a detailed 
diseuBsion of the results given in section 3. 

2. Apparatus. 

The transmitter consisted of a simple Hartley oscillator and the pulses 
were generated after the method of Appleton and Builder (1932). It was 
run on raw a.c., and the frequency could be varied from 2 to 12 nuj./aec. 
For different ranges different sete of coils and condensers were used. 

But it was soon found that this pulse generator, though quite suitable 
for fixed frequency work, was not so for recording continuous (P\f) curves. 
Hence, another transmitter using a thyratron as pulse generator was 
constructed. 

With Hlight modifications it is similar to the one desonbed by Ratcliffe 
and White (1933 6). This arrangement worked so satisfactorily that it could 
be left running for days together without any attention. 


^ IWiniwaJ ojid Pant (1935); Bajpai (1930); Pant, Bajpai and Vorma 

(1930); Toshniwal, Pant and Bajpai (1937). 

> See also Bajpai (1937). 

» See also Goutsau (1934). 
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Ab it was not possible for n single antonnte to resj)ond officiently throughout 
such a large range, a systeni of five antenna? was used. These were coupled 
to the oseillator tank (‘ireuit by means of two turns of J inch copper tubing. 

The receiving o(|uipment consisted of a commercial 8Uj>t?rhet rocoivor 
in which several modifications were introduced. The automatic volume 
controls were ontirtily cut off and time constant in the circuit of the second 
detector was considerably reduced. The output waB taken from the plate of 
the hj'st J.f. amplifier through a projw bhiH battery to the oscillograph, A 
thernuoiiic valve bridge was used for reducing the strength of the ground 
pulse. Our transmitter and receiver were botli kept side by side so that 
a single worker could change the transmitter frequency continuously with 
one hand and keej) the receiver in stop with the other hand. The whole of 
the frequency iungt? could ho covered in al)out twenty minutes. The photo- 
graphs were invariably suj>f)lemoiited by visual observations. 

3, KxFEKJ MENTAL RESULTS. 


A* MagiiHo-itnuG splitting. 

During tlie daytime, generally Irom S a.m. U>alx)ut midnight, uo magneto- 
ionic splitting ol' the waves has so far been observed for the i^region, even 
when the frequency of the transmitted pulses reached the cirtic^l penetration 
frequency. On several days we could not observe this splitting even at night. 
PL 1, fig. 1, a (r\ /) curve for -region, presents one such record taken on 
the 13th March, 1938, at 0430 in the early morning. The usual steady increase 
in vii't-ual height with the huToase in the frequency of the exploring waves is 
present. Near the critical penetration frequency sudden increase in equivalent 
height is also notic^od, but there is no sign of magneto -ionic splitting. This 
behaviour of the ionosphere at Allahabad appears to be different from that at 
lugher latitudes whert^ splitting is observed day and night. It appears to be 
duo to increased absorption in the tropics. 

B, Varialimt of Ehctron-^d^^miiy. 

Text-figure 1 represents the diurnal variation of the critical penetration 
frequency lor the F-region on November 14-15, 193fi, and is a typical curve for 
early winter. ^ It is seen that ionization imdergoes very little variation from 
about 2 hours after gi ound sun -rise up to about 3 hours after ground aun-«et, 
while there is a very shallow (almost imiieroeptible) minimum at noon. This 
behaviour is different from that observed at other places (higher latitudes) 
where a regidar increase of the electron density is noted, with a maximum 
at noon during winter (DUliland, Kirby. Smith and Roymer 1937; Appleton 


* UotuiLi ionimtion are boing pubUnhed in the Prom^ifhgH of tfie Na^oncU 

Academy of iScienccft^ India, 




Text-Fig. 
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and Naismith 1935). Let ue compare our data with those obtained at 
Washington. 

The sun’s zenith angle at mid-day at Allahabad (Lat. 25^^ 25' 55 N. ; 
Long. HI ' 55' 0" E.) in November will be practically the same as that at 
Washington (Lat. 39 N. ; Long. 77 W.) in Heptember. Therefort?, we have to 
compare our November curves with the September curves of Washington. 
It is to ho noticed that the post sun-set constancy of ionization is absent in 
the Washington curve (we have no data of the variation of electron density 
throughout a summer day). The night behaviour also, though similar in 
nature, is sulBciently different from the Washington September curve. It, 
however, compares well with the behaviour on a Novem ber night at Washington . 

C. A New Type of Reflection from (he Ionosphere, 

It was during the late night hours, when the critical penetratiuii frequency 
had fallen to a low value of about 4 me. /sec., that w(^ generally observed 
magneto-ionic splitting. We (1937) have already reported that the difference 
between the critical penetration frequencies of the two magneto -ionic t;om- 
jxments varied from 9*15 me. /sec. to 0*06 me. /sec. depending on the value 
of the critical penetraticui froquoncy. This phenomenon is ilhistrat^d in 
PL 1, fig. 2 which is a (P\f) curve obtained on October 5, 1937, at 2350 ; on this 
occasion the value of this difference (f^’^fu)* b’l mc./see.i We observe 
that m the frequency of the exploring waves increases, tbe difference between 
the time retardations of the two components is seen t<o incresse, ss is usually 
the case, and finally the ordinary ray di8a|)j>ears at a frequency of 8*2 me. /sec*, 
while the extraordinary ray does so at 8*3 me. /sec. PL 1, fig. 3 shows the same 
phenomenon on 17th November, 1937, at about 0152. The ordinary and the 
extraordinary rays are seen to disappear at frequencies of 4*5 and 4*65 me. /sec. 
respectively. It is, however, remarkable that the usual asymptotic increase 
in virtual height (mde PL II, fig. 4) near the critical frequency is entirely 
absent in PL I, figs. 2 and 3. 

We have also observed that on occasions, the difference between the 
critical penetration frequencies of the two comi>onents takes the normal 
value of 0*66 me, /sec. which is expected from Appleton’s magneto -ionic theory. 
PL II, fig. 4 obtained on October 4, 1937, at C340 presents one such example. 
Tbe ordinary and the extraordinary components arc^ seen to disappear at 
frequencies of 6*1 and 6*75 inc./sec. re8|>eotively. Our recent work shows 
that the occurrence of the smaller difference between the critical penetration 
frequencies of the two magneto -ionic components is rather a rare phenomenon, 
which usually occurs after midnight but we have not been able to find out 


^ Wft are cuJling tJw higher curve orciinary and the lf)wer one extraordinary in 
accordance with tho genera! convention. Only jwlariusation moa8Urcineiit.s can decide 
thi« point. We have not yet earned rnit »uoh meaeuroinents. 
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any connection between this phenomenon and any peculiar meteorological 
condition of the upper atmosphere. 

In table 1 below we give tln^ critical penetration frequencies for the 
two magneto -ionic ooinponents together with the time and date of their 
occurrence. 

Tablk 1. 



Tinu* (l.S.T.) 

So 


10-lC 30 

0230 

709 

719 

10-10-30 

0245 

7-28 

7-34 

15-30-30 

0250 

3-90 

4*10 

18-10-30 

02.50 

3*85 

4*00 

20-10-30 

0300 

3-77 

3*92 

16-1130 

0130 

500 

0-06 

15-11-30 

0200 

5-96 

0*05 

15-ll-:Ui 

0240 

5-40 

5-60 

1912-30 

0330 

3-72 

4*30 

23-12-30 

1 0015 

3-35 

3*50 

14-1-37 

1 2320 

4-35 

4*50 


and denote the critical peneti’ation fre<ii.ieneie« for t))e o-wave (ordinary) and 
the (extruordiiuiry) ronpectively in ino./seo. 

1). Another new phenomenon. — SimnliaTtflotiS dimppeorance of o- and x-imves. 

On several oocasions, as the frequency of the exploring waves was 
increasetl the difference in the time-retardation of the two magneto -ionic 
components went on increasing as usual, but finally both of them disappeared 
at almost the same frequency.i Thus from 2330 (I.S.T.) on Decjember 14, 
to Ol(X) (LS.T.) on December 15, 1930, both the components disappeared at a 
frequency of 3*0 me. /sec. Tt may be mentioned that on this night the observa- 
tions were taken only during this one hour and a half. Another such occasion 
was on the night of December 0, 1936, between the hours 0410 and 0600 
(T.S.T,). This time the observationB were taken throughout the night. From 
about 3 A.M. the penetration frequency was almost (X)n8tant at 3*5 mc./sec. 
Th€we was no splitting of the echoes till 0410, whereafter both the magneto- 
ionic components were observed. At 0430 both the components disappeared 
at a frequency of 3-5 me. /sec., while at 0500, 0516, 0630 and 0600 they 
disappeared together at the frequencies of 3-45, 3-47, 3*48 and 3*6 mo./sec. 
respectively. During this period we also observed for a few minutes that 
there were two orders of reflection present and that each of them appeared 
to consist of four echoes. 


I 8ef> Best, Farmer and KaU^lifTe (1937) who have ocoaeionaly observed the two 
threahhold frequenoies for the i? -region to coincide at midday in summer. They ofloribe 
it to strong absorption. 
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M. Complex Echoes. * 

Be&ides these types of reflections, we have on several occasions observed 
a largo number of echoes on the oscillograph screen ; these cannot be explained 
as magneto-ionic components or multiple reflections, What we observe, on 
such occasions, is that, besides a number of main multiple reflections {F\ F*i 
etc.), there appears a number of echoes in between these main multiple reflec- 
tions, The intensities of these echoes are generally comparatively smaller 
than those of the main reflections (F\ JF*, etc.) and they go on changing 
rapidly. Hueh echoes have been styled complex by Dr. G. R. Toshniwal an<l 
ourselves (1 9.37) who first observed them here. Such echoes have been observed 
by Raicliffe (1933 a), Harang (1937), Appleton, Naismith and Ingram (1937) 
and Bontch-Brue witch (1936), but not much serious notice apfwars to have 
been taken of such reflections. Home of the snapshot photographs obtained 
on March 20, 1938, are reproduced here. PI. II, ftg. 5 obtained at 2222 (jlearly 
shows that Ix^twoen JF' and F" there is a mimljer of extra echoes and although 
generally the complexity is greatest botwe^m F' and F", yot sometimes we 
have observed that there is no (iomplexity between F' and F** but there appears 
a nuinlwr of small echoes between F"* and F**. PI. Ill, fig. 0 obtained at 2239 
allows multiple reflections from the /i^-region as well. This can be identified as 
the abnormal /J-layer 1*6(16011011. The iJ-reflections are generally not present 
during such iiericKis. PL III, fig. 7, a (/*', f) curve obtained at a frequency of 64 
mc./sec. on February 19-20, 1938, between the hours 1930 and 0020 (l.H.T.), 
presents a very violent type of complexity. It is to be noticed that complex 
echoes from the F-layer persisted for several hours but no reflections from 
the J^-region were obtained. The duration of the complex ec^hoes varies from a 
few minutes to several hours. They may appear only onc^e or several times 
during a night. Whenever auah echoes appear they generally continue on all 
frequencies. PL IV, fig. 8 shows a (P',/) curve taken on March 13, 1938. It is 
seen that complexity is present throughout the record from 2*8 to 7*8 me. /sec. 
We did not continue the record further but visual observations showed that 
complexity was present even at a frequency of 13-3 mo./sec. 

4. Explanation op the New 1?vpk of Reflection, 

The small difference in the critical penetration frequency of the two 
magneto-ionic components — 044 mo./sec. in place of the expected value of 
about 0*8 mo./sec. — and the variation of this difference from 0*06 to 046 
mc./seo. with the frequency of the exploring waves, for a long time, proved to 
be very puzzling. These results could not be explained on the generally 
accepted criterion so far of reflection of radio waves, that reflection takes place 
from the places where the refractive indices for the o- and o^-waves be^me 
zero. These results necessitated a revision of our ideas oonoeming the reflec- 
tion of radio waves from the ionosphere, and at the suggestion of Prof. Saba, 
Mr. R. N. Raj (1937) of this laboratory worked out the problem on tlie assump 
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tion that radio vraves get reflected not when their refractive index becomes 
zero, but when their group velocity becomes zero. This analysis gave the 
following four conditions of reflection ^ : — 

(a) 


pI’^p^-pp,, 

pI =» p‘+pp,, 



(P) 

(y) 

(S) 


wJiere, « 4itNe:^lm ; 

N = numl)er of electrons per r .c . ; 

P,, « I 

h = magnetic field f)f the earth ; 
y, as vertical and horizontal components of h ; 
f eas (charge on the electron ; 
fn ass mass of the electron ; 
c as: velocity of light in vacuo. 


The first three of these conditions are exactly the same as those obtained 
by Appleton (1932) from the supposition that reflection takes place when the 
condition ft « 0 b satisfitKl. The assumption that reflection takes place 
when group velocity of the waves Ijecomes zero, however, gives us the addi- 
tional fourth condition (8) which is satisfied at the place whore ft = cx>. Later, 
Bajpai (1937) obtained all these conditions proceeding from the assumption 
that reflection takes place from the region where the rate of change of refractive 
index with height becomes large. 

The condition (8) enabled us to explain the small values of the difference 
between the critical penetration frequencies of the o- and the x-waves and 
variatton of this difference with the critical penetration frequency, for if 
we assume that the extraordinary ray gets reflected from the level where 
electron concentration corresponds to the c<mdition (8) and not from the 
plac^e where the condition (/3) is satisfied, and that the reflection of the ordinary 
ray is governed by usually accepted mode (ot), we get from (a) and (8) 


» See Goubau (1034) who oaloulatied the gwaip velocity of the o- and x-waves and 
fdotted them (after some apijroximatinn) for a number of wave-lengtha using varying 
electron concentration. He obtained tliese four cwnditiona of reflection but he did not 
appear to have considered the possibility of the actual o<j<nirrence of reflct^tion a<*cording 
to the condign (8). 
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.. ( 1 ) 
.. ( 2 ) 
.. ( 2 ') 


while, if We aamimo that the reflection of the ordinary and the extraordinary 
waves is governed by modes (a) and (j3) respectively, we obtain from (a) 
and (j3) 

W 

4-/„=U/(/.+/o) W 

=^4/2 (4') 

Now, a comparison of (2) and (4) shows that, for the range of wave- 

lengths under consideration, the value of {/«,— /o) as obtained from (2) is much 
less than that obt^iined from (4). Equation (2) also shows that there will be 
a large variation hx the value of (/„ — /q) with the critical penetration frequency, 
the smaller differences being expected at higher values of /j.. 

Tn table 2 wo give the values of (/*■— /©) obtained from our experiments 

as well as those expected from (2) and (4). 


where /j^ 7,®= 


^4, T 
27r 


f 2 

/ 0 ■ 


fx^fo 


f 

•./ar 


n-n 

fj\ 


1 Lfr 


2 


f:-n 


TABI.B 2. 



Ux ~^q) 

(4 “4) 

exporimontal 

fnim (2) 

from (4) 

0-U) 

0*074 

0-77 

ooe 

1 ()-073 

0*77 

014 

0 1S7 

0*80 

015 

0U2 

0*80 

0-15 

0*145 

0*80 

0 09 

0-088 

0*77 

O'OO 

0088 

0*77 

(MO 

, 0*0»8 

0*78 

0-04 

0*128 

0-80 

OOTj 

0*167 

0*81 

015 

0*133 

0*79 


For Allahabad the value of 


P j. -t6 617 xl0« 
and jpj «■ 9‘198xl0* 
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A glance at the table showfl that in almost all Oiisee whore small values of 
the difference between the critical penetration frequencies of the two magneto - 
ionic components are obtained, there is a nice agreement betwotm the experi- 
mental values of those obtained from (2), which strongly suggests 

that in these cases the reflection of the a;*wave is governed by the condition (S). 
It is also obvious that the value 0*fi4 me. /sec. is obtained when the a:-wave is 
reflected according to mode (jS). 

Though our experimental results And a satisfactory explanation from the 
theory outlined above, yet the question arises as to why, on (jcrtain occasions, 
the ir-wave does not get reflected from regions having lower values of electron 
concentration con’esponding to the condition (jS), but is reflected from the 
higher electronic concentration oon*esponding to eondition (8). We have also 
to find out why, on (jcrtain occasions, the same a-wavtj gets reflected from two, 
or possibly even three, different levels in the ionosphere as observed by 
Toshniwal (1935) in the case of (/8) and (y) and confirmed by Leiv Harang 
(1939). Other striking evidence in favour of partial reflections cousists in 
the phenomenon of sporadic E reflections when part of the energy gets reflected 
from this j5/-layer and part from the ^^4ayer. (’omplex echoes present another 
such example. A partial explanation of hik^Ii phenomena has been suggested 
by Saha and Kai (1937) who have shown that if the electron layer be suffi- 
ciently thin, castes may occur where only a part of the incident energy depending 
upon the density and thic^kness of the layer gets reflecU^d,^ and the remaining 
energy leaks through, to be reflected from higher regions. This leads us to 
revise our ideas about reflection of radio waves based on the ray treatment 
in which refltaition is regarded as complete when p =x 0, while Saha and Kai’s 
treatment shows that reflection will bo complete only when the electron 
barrier is sufficiently thick. Thus it apfiears to us that on the occasions, 
when we observed small values of the difference between the critical penetra- 
tion frequencies of the o- and :r-wave8, i.e. (*15 me. or less) the layer where 
the condition »» jp®— was satisfied was extremely thin, so that the 
x-wave leaked through, almost completely, and then got reflected at the point 
whm*e condition (8) was fulfilled. But as Saha and Rai have not yet given 
any solution of the equation for the propagation of tfie x-wave, it is not 
possible for us to discuss this problem any further. 

6. Explanation of Complex Echoes. 

It has been pointed out before that complex echoes are due to partial 
reflection taking place from a ntimbor of close-lying discrete layers formed in 
lie reflecting regions (Toshniwal, Pant and Bajpai, 1937). There was, how- 


1 This result is oppc>site to that arrived at from tl\» ray treatment according to which 
radio waves get totally reflected from the place where their mfi'activa index beoutneB 
■ero. 
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ever, a difficulty in accepting such an explanation from the point of view of 
the ray theoiy, but Saha and Rai’s (1937) pai)er has made tnattera clearer. 
Generally the observed temporal retardation between one component and 
another in the complex echoes is such as to give an equivalent height difference 
of about 20“50 kms. The actual height difference may be much leas than this, 
being only about 2 or 3 kms,, for the electron concentration in the region 
intervening between the two layers responsible for the complex echoes cannot 
possibly be much less than that in the layers, and hence the group velocity of 
the waves in this region will be appreciably less than the vacuum velocity of 
light. This means that tlie actual distance for which the time retardation is 
found to be about 20 kms. may not be more than 2 or 3 kras. only. 
If the thickness of the rejecting layers is also of this very order, or even less, 
Saha and Kai's (1937) calculations easily explain the multiplicity of reflections. 
The existence of a number of discrete layers lying close to one another is also 
HupjMjrted by Leiv Harang’s (1937) curves, the only difference being that his 
curves show the formation of such layers between the E and ^’-regions while 
we generally observed the complex echotm above the night /’-layer. Harang 
(1937) and Appleton, Naismith and Ingram (1937) correlate such echoes 
l»6tween E and F with magnetic storms. The more frequent occurrence of 
such echoes at Troius and Moormansk, IJ.S.iS.R. (Bontch-Bruewitch, 1934) 
clearly Huggests a strong correlation with magnetic stonns. We have also 
found such a correlation, but our experience is that we observe ^ such echoes 
even on magnetically quiet days.^ It may, however, be due to the occurrence 
of lo(jal disturbances, confined within small areas, wdiich are unable to influence 
the magnetic apparatus situate at a great distance. The distance between 
Bombay and Allahabad is nearly H(K) miles, and the magnetic co-ordinates, i.e. 
dif) angles, are respectively (25'') and (4(1'^). Rewntly attention to such 
lotializetl disturbances has been drawn by Chapman (1930). 

Wo observe that amongst the complex echoes, there are some which 
fiersist for a sufficiently long time. Bueh reflections are illustrated in the 
echo patterns given in PI. II, fig. 5 and PI. Ill, fig. 6 and also in the {P\f) curve 
given by Harang (1037) and in the {P\ i) curves given by Toshniwal, Pant and 
Bajpai (1937). But along with such regular echoes wo also get some transient 
echoes appearing and disappearing at various heights. PI. IV, fig. 9, a {P\ t) 
curve taken on the 17-11-37 at 0328-0333 and 0337-0342 (I.8.T.), shows that 
besides a numlier of reg^dar echoes which are due to discrettu layers, there are also 
some irregular transient echoes. These may also be seen in the echo patterns 
produced by Appleton, Naismith and Ingram (1937). These irregular echoes 


^ See Totthniwai Pant and Itajpai (19R7). 

* We are thankful to Dr. C. W. B. Nonnand, Director-General of the Indian 
Meteorological Service, and to Dr. K. R. Kamanathan, in charge of the Magnetic 
0>>Hervatf^ry at AUhagh, for lending uk inagnetogrom^ and for (lending regularly 
the reports on the magnetic chanu^ter of daye, 
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appear and disappear so very quickly that we cannot attribute them to partial 
reflections occurring at discrete layers lying close together* It appears to us 
that these are due to reflections taking place from moving electron clouds or 
patches of ionization. Whenever such a cloud of electrons comes in the way 
of radio waves a part of the energy of the radio wave may get reflected from 
it and rea(di the re<^eiving station. 
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7. Summary. 


In this paper are described the results of study of the ionosphere at 
Allahabad from October, 193(5 to March, 1938. Various types of reflections 
including complex echoes are described and illustrated. A typical curve 
showing the diurnal variation of electron density is given. The results of 
rneasuromenta of the critical |)enetration frequencies for the u- and r-waves 
show that at times the a?-wave gets reflected from a layer when^ the electron 
concentration is given by the condition 


^2 




p^-pI 


instead of the usual condition p^ =» p^^^pp^^* 
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Symposium on recent work on the 83mthe8is of 
naturally occurring substances. 

In recent years organic chemists have devoted a great deal of attention 
to the synthesis of natiiraily occurring substances, and chemists in India 
have not lagged behind in developing tins field of research. It had, therefore, 
become desirable to collect together workers on this subject from different 
parts of the country, and to promote a discussion that would t>e useful to all 
concerned. The National Institute of Sciences of India deoidtKl to hold such 
a symposium in Bombay and appointed Dr. T. B. Wheeler to bo the (jonvener ; 
Dr. Mata Prasad also took a prominent part in the work of organisation. The 
meetings were held on the 26th and 27th of September, 1938, at the Royal 
Institute of Science, Bombay. Prof. M. N. Saha, F.B.S., presided during the 
first day and the first half of the second day; Dr. T. S. Wheeler presided at 
the final meeting on the second day. 

The symposium was formally opened by Mi’. V. N. Chanda varkar, B.A,, 
B.L., Vice-Chancellor of the Bombay University, in the University (Convoca- 
tion Hall, In addition to discussions on the papers presented three public 
lectures were given : one by Dr. S. S. Bhatnagar (read by Dr. R. B. Forster, 
in the unavoidable absence of Dr. Bhatnagar) on ‘ How Chemistry can help 
Indian Industries the second by Dr, J. C. Ohosh on ‘ Poisonous Chemicals 
in Modern Warfare — Anti-gas Defence Measures *, and the third by Dr. M. N, 
Saha, F.R.S., on the ‘ (Geography of Space \ 

In all two addresses and eight papers were presented to the sympositim 
and some led to very excellent discussions. These papers were classified 
imder the following heads: (A) General, (B) Bicyolic Terpenos, (C) Chemistry 
of Coumarins and Belated Compounds, and (D) Flavones. 


A. 

(1) After Dr. T. S. Wheeler hod welcomed those attending the symposium, 
Prof, M. N. Saha made a short introductory speech describing the previous sym- 
posium held by the National Institute of Soienoes. Dr. J. N. Ray then opened 
the session by giving an address illustrated by experiments on recent develop- 
ments in the study of the constitution of natural products. He dealt parti- 
cularly with the growing use of the chromatographic method of Tswett in the 
Separation of natural products which were often obtained as complicated mix- 
tures, and he showed an interesting experiment on the purification of crude 
rottlerin by this method ; he then discussed a variety of new techniques and 
reagents and oonoluded by describing recent advances ,by Indian ohemistR 
on the praottoal side of syntibietio dhemi^ 
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In connection with Dr. Ray’s paper, Dr. R, D. Desai pointed out that 
though Ijimaye's Niclhone Process is invaluable for the synthesis of 2*acyl- 
resorcinols, this long protjoss need not bo folh)wed in the case of orcinol, which 
reacts directly with acetyl c^hloride in the presence of anhydrous aluminium 
chloride with formation of 2-acotyl-5-methyl -resorcinol. Howe^ver, acetic 
anhydride under the identical conditions gives the isomeric ketone 4-acjetyl- 
5 -methyl -resorcinol. Another resorcinol derivative which undergoes simul- 
taneous as well as y -substitution is resacjctophonono, which reacts with 
acetic anhydride with the formation of 2: 4-djacetyl- and 4: 6-duusetyl-rosor- 
cinols. Other acid chlorides and anhydrides Imhavc analogously. 

Dr. Wlieelor remarked that Dr. liay’s work on the oximation of coni|K>unds 
of weak kotonio function, such as davones, was very interesting; they had 
found in this laboratory that iMsnzylidene-coumaranones reacted ketonically 
like chalkonos, but that tiavones did not. With I’cferonoe to the use of chromic 
acid for oxidation purposes, it had been ol)served that a solution of potassium 
chromate in acetic acid was effective m a mild <)xidiBing agent. Dr., Wheeler 
also discussed the use of hy(lrt)gen bromide in place of aluminium chloride 
as a demethylating agent and of metallic sodium in the transformation of 
ortho-acyloxyacetophimones. In reply, Dr. J . N. Kay pointed out that flavones 
might be considered to have a quinonoid structure and that this would account 
for the weak ketouic function. 

Mr. Limaye joined in the discussion, and stated that he hoped to be excused 
for not putting in a paper, although he had sent in an abstract which had to 
be withdrawn under unavoidable circumstances. Referring to the Nidhone 
Process, he said that it was specially developed for the synthesis of 2-acyl - 
resorcinols in connection with his work on the synthesis of a natural product, 
ivaranjin, which he had isolated at the Raixade Institute, from Karanj^ — a 
legunuiious plant — Pan^amia glabra. The constitution of Karatijin arrived 
at analytically indicated that a 2 -resorcinol derivative was necessary as a 
starting material for its synthesis. No such suitable substance or a method 
for its preparation was described in literature. Therefore, tie started with the 
readily available resorcinol and through 4-methyl-umbelliferone (Pechmann) — 
acyiaiion-Fries transformation — separation of the isomeric aoyl-4-methyl- 
umbelliferones — and alkali treatment — obtained 2 -acyl-r 0 HoromoL Although 
the individual steps were known, their particular combination towards achiev- 
ing a definite end constituted the Nidhone Procem for the synthesis of 2-acyl- 
resoroins. Me then informed the audience that the process could be extended 
both in homologous and analogous directions, and that the results were 
being published in the Samyanam, in collaboration with numerous students. 
The latest development, he continued, was by his son, Mr. S. D. Limaye, who 
had extended the process to the synthesis of 2-acyl-4-aiLkyl-resor0inolS; and a 
paper had been sent to the Lahore Session of tiie Indian Scienoe Oongsess. 
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Refermig to the varied uhos of the process he wished to point out that 
the first synthesis of a Furocouinarin, represeiitiitivos of which occur in natuie, 
was effected by him through the Nidhone Process. 

Dr. Amin Tyabji mentioned the reversal of the Ponndorf Reaction, first 
applied by Oppenauor and found to be very useful in the oostriol and cortical 
harmono group (T. Beichstein). The Oppenauor Beagont consists of aluminium 
butoxyde. 

Dr. B. C. Shah stud that chloranil was also used by Robinson for the 
oxidation of leucoanthocyanins. With regard to this Dr. J. N. Bay statejtl^ 
that Robinson had used the reagent for oxidation of leucoanthocyanins, but 
had got coloured amorphous products and not the anthocyauins. 

Varionit rmM HijMviic rnethodH : — 

8hah*K use of aluminitim chloride for Pechrnann Reaction. 

Dr. B. G. 8hah stated that he would deal with the subject in the full papei' 
which he had contributed. 

Shah’s work on G-alkylation of phenf>ls. Dr. Shah described tlit3 
simple and direct synthesis, which had l)ecn aeliioved through 
this process of nuclear alkylation, of rhizon aldehyde and rhizouic 
acid, which are related to important lichen acids, and which had 
been synthesised by previous workers by long and cumbersome 
methods. He then gave his view of the probable mechanism 
of nuclear methylation of polyhydroxy-phenolic derivatives for 
which no explanation has been hitherto available. Taking the 
typical case of resacotophenone, he suggested that the 3-methyl - 
ation was due to the addition of methyl iodide to the double 
bond between carbon atoms 3 and 4, whicii liecoineH fixed due 
to the stabilisation of one of tlie Kekule forms of the benzene 
nucleus owing to chelation between the 2 -hydroxy and the 
acetyl group. 

Dr. J. N. Bay then replied in detail to the various points which had 
been raised. 

(2) In the absence of the author Dr. T. S. Wheeler read Dr, P. C. Hitter’s 
paper on the history of research in organic chemistry in India from 1896 to 
1923, and pointed out that organic research in the west of India had only begun 
in about 1920, so that Boml>ay had at first lagged behind other centres in India. 
However, it had now almost overtaken the older centres, and it was hoped 
ttiat it would soon rival them in quantity and quality. 


B. 

(3) Dr. P. C. Cuba opened the proceedings on the second day with an 
address, itlusteated by lantern slides, on the work on bioyolio terpenee which 
had been prooeeding in lucent years in his laboratory at Bangalore, and 
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described research on the synthesis of a number of members of the series^ 
He also discussed a new possible total synthesis of camphor. 

Dr. R. 1). Dcsai oo?igratu]ated Dr. Guha on his lucid and illuminating 
address describing the l>rilliant work done by him and his students at Ban- 
galore. He said that those who saw the iKjautiful slides must have thought 
it an easy task to carry on the work, hut those who have hod the practical 
experience oi’ handling hydroaromatic compounds can realise the tremendous 
difficulties involved. Even the synthesis of one natural product or a product 
which can throw light on the constitution of an important natural product is 
a creditable achievement. Dr. (Juha has to his (sredit the synthesis of norpinio 
acid, ttuibcllnlanic acid, iinbellulonic acid, carane, and thujone. His use of 
diazomethanc and ilimethyldiazomethaixe will form classical examples in this 
branch of chemistry. Dr. Desai said that tiiere wore two or three points 
which he wished to discuss as lie hod practical exfxjrience of dealing with them. 
Krstly, he had attempted the synthosis of nor -camphoric cMter by condensing 
the disodium salt of the (luarestihi imide from acetone and cyanacetio ester 
with ethylene di bromide or ethylene di -iodide, but not a tra(je of the expected 
compound was obtained. As Dr. (luha had been able to condense tetraethylene 
dibroinide, Dr. Desai ielt his own ex|>eriments require revision, 

Tlie synthesis of caniphononic acid has been achieved by them by exactly 
the same method as Dr. Guha had used, and they had also subjected the fS^ 
aroyl-proponic esters to the Reformatsky Reaction. The chief difficulty is 
with the yields in the first case. Other stages go well. Finally, in the hope 
of preparing oamphoronic acid, which is an important substance in tiie oxida- 
tion of (jamphur, in one step, Dr. Desai said he had tried the condensation of 
the cyanohydrin of dimethylai^etoacetic ester with ethyl sodiooyanoaoetate. 
The yield in this case was not satisfactory, though the lower homologue reacted 
favourably. 

Dr. J, K. Ray said that he wished to draw Dr. Guha’s attention to the 
Ponndorf's reagent which would servo his purpose of reduction of the keto- 
group without affecting the double bond. It might be of help to him in his 
synthesis of laurouolic acid. 

(4, 5) Dr. D. Chakra varti’s paper on the synthesis of couraarins and ohro- 
mones was read, in his absence, by Dr.^. C. Shah in oombmation with his own 
paper on the same stibjoct. Dr. (Jhakravarti reviewed the various synthetical 
methods which had lieon applied to the preparation of derivatives of ooumarins 
and chromones, and also discussed the methods used to distinguish oouinarins 
from the isomeric chromones. Dr, Ohakravarti and Dr. Shah both desoribed 
new methods, which had been worked out in their laboratories for tiie synthesis 
of ooumarins. Dr. Bhah also desoribed the synthesis of S-hydroxycoumarin. 

In opening the discussion on the papers on the chemistry of oouikiaiiiis 
and related compounds, Mr. Limaye congratulated Dr* Shah and his studenfo 



SYNTHESIS OF NATtTRALl>y OCOTJRBINa SUBSTANCES. 


201 


on their discovery of a new condensing agent (aluminium chloride) for the 
Pechmann Reaction, which had led to the formation of 5 -hydroxy coumarins. 
He stressed the importance of the isolation of even minute quantities of isomers 
that are formed in some reactions. Thus in the preparation of 5 -hydroxy -4- 
methyl-coumarin described by Dr. Shah, the previous isolation of this com- 
poimd, although formed in very minute quantifJes along with the corresponding 
ehromone, by Mr. Kelkar at the Ranade Institute facilitated the identification 
of Dr. Shah’s compound. The second point that he wished to bring to the 
notice of those iiiterested in distinguishing chromones from coumarins by the 
formation of a styrene derivative was a case first observed in his laboratory 
by Mr, Kelkar where two molecules of a ehromone reacted with one molecule 
of an aldehyde. 

Dr. Desai drew attention to the fa(;t that the method of synthesising 
coumarins from o-hydroxy-alkyl ketones was studied independently of 
Dr, Chakra varti, at Aligarh by himself and his students. The method would bo 
specially useful for 7 -hydroxy coumarins from orcinol which usually gives only 
the fi-hydroxycoumarins. 

llegarding differentiation between coumarins and chromones, the action 
of bromine in the cold on the glacial acetic acid solution of the compound con- 
cerned had been used at Aligarh with advantage. The ehromone gives a 
perbromide which is insoluble in acx^tie acid while the cou matin gives the 
3-bromo- compound. The ehromone can be regenerated by adding tlie 
perbromide to sulphurous acid solution. 

Regarding Di’. Shah’s use of aluminium chloride, Br> Desai felt he deserved 
congratulations, for this method has made two new types of compounds avail- 
able, e.g. the 5-hydroxyooumarins and y-aldohydes from hydroxy-ketones. 
These compounds have great synthetic value, and as they are now readily 
accessible, new types of compounds can easily bo made. 

Regarding the inhibiting effect of alkyl groups in the Pechmann con- 
densation, Dr. Desai inclined to the belief that it is partly steric and partly 
polar. The allyl and benzyl groups have less effect even than the methyl 
group. It would be no exaggeration to say that a new chapter in the chemistry 
of ooumarins hod been opened with the discovery of furo-coumarins and 
5-hydroxyeoumarins, 

Dr. K. Venkfi-taraman said that the difficulty in distinguishing between 
isomeric coumarins and chromones appeared to be somewhat exaggerated in 
view of the present knowledge of the properties of the two types of pyrones. 
Colour reactions, such as those involving the use of sodium amalgam and 
alcohol, magnesium and hydrochloric acid, or glacial acetic acid and sulphuric 
acid, were generally adequate for the distinction of coumarins and chromones. 

In an attempt to synthesise &axetin (BharadwaJ and Venkataraman, 
Pfoc. Jnd. 8cL Cong., 1937, 163), the persulphate oxidation of 7: S-dibenzyl- 
dxyooumarin was studied with the object of preparing the 6-hydroxy. 
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derivative, wliicli could then Im^ methylated and debenzylated to yield fraxetha^ 
The oxidation, however, did not proceed a.8 desired. 

While Dey and LakHhnijnarayau (./. Ind, Chem. aSVjc., 1932 , 9^ 153 ) noticed 
that ^-naphthoJ (-ondensed wdth ethyl acetoacotate to give a ehromone, the 
ot-pyrone, and not y9-iiai)hthaw)l}avono, is obtained with o-formylphenyl- 
at^etic ester. 

Dr. Wheeler described the synthesis of the 2-niethyhbeim)coumarin, 
which had lately been effected in the laboratories of the Royal Institute of 
(Science. 

Dr. R. (a 8hah statod that the infimmeo of the substituent in the aooto- 
acetic ester molecule on coumariri and ohromouo formation in the condensation 
of j3*ketonic esters with phenols had been previously studied to some extent, and 
it has boon found tliat the Peohmaim condensation is retarded by an alkyl sub- 
stituent, the effect increasing w ith the bulk of the alkyl group. He had studied 
the Peehmann condensation of a-aoetoglutaric ester and found that it is more 
loactivo than a-ethyl oi' a-propyl-acotoacetic ester. The CH 2 *CH 2 -COOEt 
group in spite of its much heavier bulk has less retarding effect than the lighttsr 
groujjs etliyJ and propyl. He and his studeiits liad also found that the retarding 
effect of the 4-carbothoxyl group in the resorcinol nucleus is less than that of 
4-nitro group as methyl j3-rcsorcylate condenses with a-methyl, a-ethyl, a- 
propyj, and a-butyl-acetoaoetic esters, whereas 4-mtroro8orcinol condenses only 
with unsubstituted acetoacetic ester. 

The method described by Chakra varti and Majumdar for the synthesis 
of ooumarins through the Reformatsky Reaction on o-methoxy ketones had, 
Dr. Shah said, been used previously by Miiter and Paul and recently, inde- 
pendently, by Desai. He and his students had modiffed Canter and Robert- 
son’s method for converting coumarins into o-methoxy cinnamic acid; the 
modification consisted in the addition of dimethyl sulphate first and then alkali, 
instead of in the reverse order as in Canter and Robertson’s original mothodT 
The modified method gives excellent results and has succeeded in several 
cases in which the earlier method hits failed. 

]>r. 8hah also stated that Robertson had given a plausible explanation of 
the formation of chromoncfl and coumarins in the condetmtion of jS-ketonio 
esters with phenols, which is supported by some experimental evidence. 

In reply to Dr. Venkataraman’s suggestion that ooumarins and chromones 
tjould be distinguished by the colour reactions with acetic acid — 8ul|^urio acid, 
Dr. 8hah stated that it was a valuable suggestion and that he had, hiimielf, 
used hydrochloric acid for the purpose. 

(0) Dr. K. 8. Narang described the work, which ho had carried out under 
the gixif lance of Dr. J. N. Ray, on the constitution of rottlorin and discussed the 
structure which Dr. Ray and himself had been led to assign to it. 

Br. Vonkataraman and Dr, Wheeler asked a number of questions regard- 
ing alternative possibihtiea for the structure of rottlerin, and Ibr. Narang 
answered them in detail. 
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(7) Dr« K. V erikataraman gave an account of the work, which had been 
carried out> in J^liore by lumrtclf and his collaborators, on the syuthesin of a 
number of davonos and isottavouos. Ho also pointed out jiossible inethodK 
for the Hynthesis of iMniotin. 

Dr. K. 0. Shah suggested that in Dr. VenkataramanV modified isoflavone 
synthewiH, sodainido may probably bo found useful, as the condensation of 
phenyl- benzyl ketones with ethyl formate was a iypiciil Claisen ester-ketone 
condensation, in which so<lamido was known to l>e sujK^rior to other agents 
like scKiium or sodium ethoxide. Dr. Shah also described the din^ct formation 
of a tlavone derivative by the action of pyridine and btmzoyl chloride on 5- 
hydroxy-4-me thy 1-6-ace tyl-coumarin at a high tempt^rature. Ho suggesttjd that 
this was probaldy due to the migration of the o- benzoyl group from the simple 
benzoyloxy derivative first formed to the COOH3 group in the proscmco of 
pyridine, follow^ed by ring closure to a flavone. 

(8) Dr. Desai described the isolation of a flavonol which he believed to 
be quercetin 5- or 4' -methyl ether from the colouring matter of the yellow 
flowers of Theveiia Nerifolia. He discussed j>os8ible methods for the synthesis 
of this compound. 

Dr, K. Venkataraman said that the flavonol, considered by Dr. Desai to 
bo quercetin 5- or 4' -methyl ether, mtist be the latter. Whatever the method 
of methylation at the rlisposal of the plant may be, the relative difliculty of 
methylating the 5-hydroxyl must be the same as in the laboratory and it is 
very unlikely that the 5-hydroxyl could be methylated while the other four 
hydroxyls in quercetin remain unaffected. The simplest test of the position 
of the mothoxyl would be the synthesis of quercetin 4'«methyl ether by the 
Robinson Reaction between Oi-benzyloxyphloracetophenone and o-bonzyli^o- 
vanillic anhydride, followed by alkaline hydrolysis and debenzylation* 

(9) Dr. R. C. Shah discussed the work, which was being carried out in 
Bombay, on the synthesis of Oroxylin-A and of Wogonin. 

((10) Owing to lack of time, Dr. T, S. Wheeler's paper on the synthosis 
of natuially occurring flavones from chalkones was taken as read. 

The disoussions taken as a whole were then summed up by Dr, T, 8. 
Wheeler, 

List of Papers read at the Symposium on ‘Recent Work on the Synthesis 
of Naturally Occurring Substances’ held at Bombay. 

(September 26-27, 1988.) 

A, Generals 

I, Some Roemt Developments in the study of the Constitution of Natural 
Products, By J, N, Ray. 

2* ReeoiurcheB on Oi^amc Chemistry in India (1896^1928). By P. C. Mitter. 
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Bicyclic Terpenes, 

3. Synthetic Invostigationa in Bicyclic Terpenes. By P, C. Guha. 

C. Chmniairy of Connuirins and Related Compounds. 

4. Synthesis of C/Oumarins and Chromones, By B. Chakra varti, 

5. New Synthetical Methods in Coumarin Chemistry. By R. C. Shah. 

6. The Constitution of Rottlerin. Part III. By K. S. Narang, J. N. Rtiy 

and B. 8. Roy. 

D, Fkimnes. 

7. Synthetical Experiments in the Flavone and Jsoflavone Groups. By 

K. Venkataraman. 

8. The Colouring Matter of the Yellow Flowers of Thevetm Neri folia (Apo- 

cyanaceflc). By R. D. Desai and S. Zafaruddin Ahmad. 

I), The Constitution of Oroxylin-A. Party II. Attempted Synthesis of 
Oroxylin-A and the Synthesis of Wogoiiin. By R. C. Shah, 
C, B. Mehta and T. S. Wheeler. 

10. Synthesis of some Naturally Occurring Flavones from Chalkoncs, By 
T. S, Wheeler and Collaborators. 



SOME RECENT DEVELOPMENTS IN THE STUDY OF THE 
CONSTITUTION OF NATURAL PRODUCTS. 


By J. N. Ray, D.aS^c., F.NJ,, Profesisor of Organic Ohemislry, 

Punja b U niverifity . 

{Eecul at Sy^npoeiunit Septe/tnbcr 20-27 ^ 1938,) 

In view of the limited methodf; at our disposal for tho determination of 
the striicturo of an unknown natural product, any advance in this direction 
is doubly welcome. In recent years, most striking results have boon obtained 
iti tho isolation of substances occurring in minute amounts by the chromato- 
graphic method devised by Tswott. It is now possible to handle small amounts 
of material and isolate relatively pure specimens by this method.^ 

Another advance in the method of isolation is tho molecular distillation 
at 10** 3 to 10“ 7 mm. By this process, sterols, natural oils, fats, vitamines have 
been purified. Substances melting at fairly high temperature with docomposi- 
tion, e.g. vasicine, can be purified by sublimation at low pressure. 

Girard’s reagent T and P (i.e. carbohydrazido trimetbyl ammonium 
chloride and carbohydrazido pyridinium chloride) have been valuable in the 
isolation of ketonio substances particularly rare ketones of the sexual hormone 
group. 

1 Evonneas of packing of the tube is of th© titmost importanco and is best aohiovod by 
filling with a cream of solvent and adsorbent, the fonner being drawn off by slight vacuum. 
The adsorbent column is to Iw kept covered with tho st>lvoni thrfjughout the experiment 
so that dropping liquid does not disturb the upper layors. Tho solution to be separated 
should be drawn in by a syphon. Tlie following adsorbents have been xiaod: 

(а) Aluminium oxide (nach Broekmonn), 

(б) Fuller’s earth, 

(c) Sugar (in case of chlorophyll), 

(d) Calcium hydroxide (in case of carotenoids— Vitamin A, etc.), 

(fi) Caloiiun carbonate, and 

(/) Magnesium oxide. 

The solvents chosen usually are t (o) petroleum, (6) carbon bisulphide, (c) ether, (d) 
chloroform, (s) water. Pyridine alcohol, acetone or the original solvent plus another are 
suitable for elution. 

By forming a chromatogram of ethereal solution of Kamala powder we have 
obtained six distinct zones which we are investigating. If a mixture of rottlerin (0-1 g.) 
with tli© yellow substance (0-1 g,) accompanying rottlerin described by xis is absorbed in 
dry ethereal solution on alumina, the two zones are sharply separated* Hottlerm, 
once crystallised, shows the presence of a second dai'ker zone when analysed chromato- 
griiphicaUy, 

Whan ^ substances are colourless, the absorption can be done in a quartz tube and 
the senes detected by their fioprssoenoe in ultra-violet light* 

VOL. V--NO* 2* 


iPubUshed May 30th, 1939 



206 J. N. RAY : SOMR RHGEJNT DRVBtOPMBNTS tN THIB STTIDY 

Certain substances containing ketonio groups showing very weak ketonic 
function can now bo converted into oximes by a new method of oximation and 
the oximes purified. Such substances as flavones give oximes by this method. 
The value of this method of separation lies in the fact that certain hydroxy 
substituted flavones do not give oximes under the conditions and hence a 
separation is possible when a mixture of certain types of flavones is present 
in the crude product. 

Ketonic substances containing sensitive groups can be isolated via the 
corres{)oading alcohols by means of the Ponndorf's reaction. This reaction 
consists in the smooth reduction of carbonyl compounds to the corresponding 
alcohols by aluminium iso propoxidc in iso propyl alcohol. The product can 
be isolated os phenocyl derivative and then purified. The reagent is nearly 
specific for a ketonic group and under the conditions of the experiment neither 
a nitro nor an a/3 double bond is reduced. The method has its limitations in 
that highly onolio ketones or substances which form insoluble aluminium salts 
resist reduction. 

Oxidation of natural products : — 

(а) Rectmtly lead tetra acetate has been extensively used as an oxidising 
agent. It has advantage over lead dioxide, in that it is soluble in some organic 
solvents. Other salts of quadrivalent lead, such as lead benzoate, etc., have been 
used. R. Oriegeo found that glycols were oxidised by lead tetra acetate and 
the ketonic or aldehydic products can be easily isolated in good yields. The 
process is specific in that 1:3, 1:4, 1:6 diols, aldehydes and ketones are 
rmaflPected. Unaaturated natural products can now be converted into the 
corresponding 1 : 2 diols by suitable methods and the glycols thus formed can 
be further oxidised with lead tetra acetate. This method has recently been 
applied by us in the case of rottlerin and some valuable information as to its 
constitution obtained. 

(б) (^ihromic acid has been used for the pioparation of unsaturated alcohols 
or ketones from olefines. But the yields are unsatisfactory. The oxidation 
with chromic acid is often complicated by side reactions, numerous instances 
of wliiob con be found in literature. Katrer has obtaiiwsd valuable malts 
in the oxidation of jS-carotene by chromic acid. The dihydroxy jS-carotene 
produced has been oxidised to semi /3-oarotenone by the Cnogee reagent. 

(c) In 1927, Winterstein discovered that a 1 : 2 glycol in ether can be con- 
verted into 1 : 2 diene by phosphorus di-iodide. Kuhn has applimi this method 
in the pi*eparation of polyenes. 

(d) Malaprade has found that poly alcohols can be irreversibly oxidised 
by iodic acid. This method has undoubted possibilitit^s. 

{e) Perbenzoic acid has been used for the quautitataive estimation of do\ible 
bond. Milas has introduced peroampboric acid as a substitute as it is stabler 
than perbenzoic add. It cannot be used when the double bond is in aj8 
position to a carbonyl group. Perbenzoic add has ba^ considerably used in 
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the oxidation of natural produotH. Bometimaa the course of reaction ia 
complex as was found by Perkin, Ray and Robinson in the oxidation of deoxy 
trimethyl bra^ilone. Recently Bohme has introduced a new substitute, 
namely monoperphthalic acid. Plmnmeror and Reindel found that butadiene 
hydrocarbons give 1 : 2 oxide and no 1 : 4 additions take place, Itottlerin in 
which a conjugated chain is 8usj>ooted also gives a 1 : 2 oxide. 

(/) Chloranil. Robinson has used this oxidising agent in bnikliiig up im 
quinoline ring system from siiit^ible side chains. 

(g) SeUrdum dioxide. Since the introduction by Riley of this valuable 
oxidising agent extensive use of it has been made. Selenium dioxide acts on a 
variety of siibstfOioej? in alcohols, xylene, nitro-benzenc or dioxan. 

(1) Removal of hydrogen: ethyl succinate gives ethyl fumatate and 

acotonyl acetone gives diaoetyl ethylene. Pi peri tone is con* 
verted into thymol. 

(2) Oxidation of reactive methylene group: Simonsen has converted 

camphor into camphor quinone. Cyclohexanone gives cyolo- 
hexadiono. ^-diketones give triketones. Maionio ester gives 
mesoxalic ester. Diphenyl methane gives benzophenone. 
Anthracene gives anthraquinone. 

(3) Direct addition of oxygen: acetylene gives glyoxal. Ethylenes are 

either attacked at the double bonds or at an adjacent methylene 
group. Oxidation of tetra hydro rottlerine methyl ether with 
selenium dioxide has given an unsaturated substance which 
liberates benzaldehyde with alkali showing two atoms of hydrogen 
have been removed whilst the other pair of hydrogen is unaffected. 
Therefore the conclusion is drawn that the hydrogen atoms 
removed must be attached to carbon atoms in ajS position to a 
carbonyl group. Venkataraman has successfully employed 
selenium dioxide in the flavone series. 

Hydrogeiuxtion of riatural prodtLCia : — 

Hydrogenation processes can be divided into the following diffenuit 
groups; 

(a) By noble metal catalysts, e.g. Pt and Pd, at ordinary teinporatui’e and 
pressure in the finely divided state either alone or deposited on suitable sup- 
ports* o,g. Ixarium sulphate, strontium carbonate, Kieselguhr, etc. The most 
popular catalyst is Adam’s platinic oxide catalyst which perhaps owes its 
atibanoed activity to traces of sodium. Adam’s catalyst has been used for the 
tnioro estimation of unsaturation. 

By regulating Hie uptake of hydrogen It is now possible to isolate products 
in intem^iate 

Recently the possibiliHes of rhodium have been investigated. The present 
indieaHons are that it is more effective than platinum. The reduction of 
yinwHytidine ehromonone by palladium was found by Perkin, Ray 



208 


J, N. bay: SUMB BEOBNT DKVBI^OPMKNTS in THB STtrPY 


and Robinson to givo an oxygen -free product whilst Pfeiffer using platinum 
obtained the corresponding veratyl ohromanone. This would indicate that 
in some cases palladium is inorti efficient than platinum. 

(6) Raney introduced a new form of nickel catalyst with enhanced reac- 
tivity, Tn some cases dlaney nickel effects reduction at room temperatures, 
o.g. in the reduction of a(5etone to wo propyl alcohol. Dupont reports that 
selective hydrogenation is possible with Raney nickel and that with appro- 
priate amounts of hydrogen, ethylenes can be isolated from acetylenes. 
Platinum salts and sodium hydroxide exert promoter action on Raney nickel, 

(c) Ehcirohjiic reduction is particularly suited in the case of N-CO linking. 
Selectivity is achieved by altering the current density and the time of reduc- 
tion. Ray and collaborators found that several intermediate products can 
be isolated in the reduction of vasicine. There is also a hydrogenolysis of a 
nuclear C-NH bond because the ring is under strain. 

{d) Adkins has exhaustively investigated the copper-chromium oxide 
catalyst in the liquid phase hydrogenation under pressures of 100-200 atmos- 
pheres — and has recorded circumstances under which hydrogenolysis occurs. 

Dehydrogenation : — 

(rt) In 1927 , Diels showed that Se can be used in place of S in the dehydro- 
genation of organic tiompounds. The temperature used is usually 280 ''- 350 °, 
at higher temperatures rearrangements occur. Fully saturated rings resist 
dehydrogenation, e.g. decalin is unaffected at 340 °- 360 ‘^ but at higher tem- 
peratures naphthalene can be obtained. Angular methyl groups are extruded 
and the migration of methyl occurs. Simple methyl groups also migrate under 
certain conditions. At 420 *^, alkyl groups migrate from a to /S position in 
naphthalene. 

During selenium dehydrogenation, hydrogenation of side chain is frequent- 
ly observed. Selenium dehydrogenation of sterols and related bodies result 
in the extrusion of the angular methyl groups. Cook ei al found no extrusion 
of angular methyl group at 320 ^ in some oases. There is reason to believe that 
the migration of angular methyl is bound up with the elimination of the side 
chain. Long side chains from C17 are eliminated and a methyl group migrates 
to this position from 0^3. In some cases a chrysine derivative is formed by 
ring enlargement. Ruzicka found that ot and /3 methyl hydrindenes give 
naphthalene at 450 °. Hydrindenes with longer and more complex side chains 
give naphthalenes and not alkyl naphthalenes. Ring shortening occurs in the 
cose of cyclo-heptane and cyclo-ootane which give toluene and xylene respec- 
tively. Spiro-oomjwunds have been found to rearrange to linear analogues 
by Clemo, Sen Gupta and others. 

Selenium generally eliminates oxygen containing groups but Kon ob^rvod 
the survival of a methoxy group in some cases. Corboxy group is generally 
eliminated and keto suffers reduction. 
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(6) Catalytic dehydrogenation : Platinum, palladium, rhodium and iridium 
have been used for dehydrogenation. Zelinsky has studied ^the kinetics of 
dehydrogenation. With these metals, migration of alkyl groups seldom occurs 
except in some special cases. Generally there is no difficulty in dehydro, 
genation of fully salinated mono or polycyclic compounds except in cases 
where a quaternary carbon atom occurs. Zelinsky was unable to dehydro- 
genate 1 : 1 dimethyl cyclo-hexane. Euzieka, however, has succeeded in getting 
^0% yield of retene from abietio acid. 

Attempts are being made at Lahore to effect dehydrogenation in liquid 
phase with Pt and various promoters. 

Various recent synthetical ynethods : — 

Limaye and collaborators have made 2-acyl resorcinols accessible for 
synthetic purposes by the ‘Fries’ migration and subsequent hydrolysis of 
acyloxy-ooumarins. 

Shah has discovered a new use of aluminium chloride as a reagent for 
Peohmann reaction. Coumarins otherwise inaccessible are available by this 
method. 

Wheeler and colleagues have succeeded in demethylating a methoxy ortho 
to a ketonic group. Wheeler has made the im|>ortant observation that O- 
hydroxy phenyl styryl ketones which normally yield benzylidine coumarins 
with alkali can be converted into flavones by simple hoatiiig, or treatment with 
potassium cyanide in alcohol. 

Chokravarty has made an exhaustive study of the Peohmann reaction and 
laid down important generalisations as to the course of the reaction. 

Vonkataraman and his collaborators have thrown considerable light on 
the mechanism of Allan-Robimon reaction. 

Guba has found in diazomothane and analogues a valuable weapon and 
has succeeded in eflfeoting numerous syntheses by the Buchner-Curtiiis 
reaction of terpene derivatives. 

Bardhan and Sen Gupta’s classical work on the synthesis of hydrophenan- 
threne has opened a new field. 

Mitter has found that a trace of water sometimes moderates a violent 
Friedel Craft’s reaction. 

Shah has investigated C^alkylation of phenols by dimethyl sulphate and 
alkali. Various* C-alkylated phenols are now easily accessible. 

The above very imperfect summary gives only a slight idea as to the trend 
of work in the field of natural products. Limitations of time and space stood 
in the way of a more detailed survey. Some very important developments 
have been omitted because of the difficulty of adequate treatment in a short 
time. 




RESEARCHES ON 0R(]^AN1C CHEMISTRY IN INDIA (1890-1923)* 

By P. C. Mitter, FhJ)., Palit Professor of Chemistry y Calmif^i University, 
{Bead at Sympoamm, Septemlm 26-27 y 1938,) 

Researches on organic chemistry began in India as an offshoot of researches 
in inorganic chemistry when in 1896 8ir P. C, Ray, who is rightly regarded as 
the pioneer of chemical research in this country, investigated the action of mer- 
curous nitrite on alkyl halides 

There is a gap of tea years between this paper and the next published in 
1906, in which Ray and Noogy studied the interaction of alkyl sulphates with 
the nitrites of the alkali metals 

The first chemist to investigate natural products in India was E. G. Hill 
of Allahabad who with A. P. Sircar published a paper on the colouring matter 
of Nyctanthea arhortriatis 

Ray and his pupils continued their work on the border-line of inorganic 
and organic chemistry and in 1910 communicated a paper on the double 
nitrites of mercury and the bases of the tetra-alky 1-ammonium series * and this 
was followed by numerous similar papers during the succeeding years. 

The credit of initiating researches on’dyestuflb belongs to E. R. Watson 
of Dacca College. Watson and Dutt ^ studied the relation between chemical 
constitution and fastness to light and other agencies of polyhydroxybenzo- 
phenones and xanthones, some of which were newly synthesised in this con- 
nection. This was followed in 1912 by a similar investigation on some hydroxy- 
ketonic dyes 

In the same year (1912) Simonsen who had joined the Presidency College, 
Madras, published, jointly with Cain, a paper on Santalin ^ and in the following 
year papers on synthesis of unsymmetrical derivatives of desoxybenzoin « 
and derivatives of o*xy}ene ® were published by the same author. 

The year 1913 was a busy year for Dacca and it saw the publication of 
papers by Ghosh and Watson on hydroxyquinolphthalein anhydride and 
hydroxyquinol benzoin by Sengupta and Watson on some derivatives of 
2: 3: 4; 2' tetrooxybenzophenone by Sen and Watson on dyes derived from 
queroetin^® and by Sircar and Watson on azo-dyes derived from 2-hydroxy- 
3-naphthoio acid Watson alone published a paper on 6'-amino quercetin 
and anoHier on the relation between chemical constitution and the depth of 
ecdaiir of dyes 

The laboratory methods of organic chemistry received the attention of 
Indian i^emiats and B. D. Datta and his oo»wc»rkers published a large number 
of papem on ladogftimtion 
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The Great War brought in a period of eomparativo inactivity but in 1916 
Medhi and Watson published a paper on the effect of additional auxoohrome 
on the colour of dyes 

Simonsen continued his work on syntheses with the aid of monochloro- 
methyl ether, Part III of which was published in 1916 while with Mudlogiri 
Naik he published a paper on the condensation of ethyl cyano-acetate and acetyl 
acetone and another on nitration of 3-acetyl -araino-2-mothoxy- toluene 
From the Bangalore laboratories which Sudborough had joined in the 
meantime, he published a paper on additive compounds with trinitrobenzene 
in 1916 and a second paper on the same subject jointly with Cadre 2!^, 

In Dacca, Watson and his school continued their researches on dyes. 
Dhar, a pupil of Watson, published some researches on xanthone colouring 
matters 22 and Sircar published a paper on the relation between chemical 
constitution and colour of azo-dyes 2 ^. P. C. Ghosh investigated the action 
of acetaldehyde -ammonia on quinones with a view to prepare organic com- 
pounds with two quinonoid arrangements in the molecule 2^, while Ghosh and 
Watson also studied the action of additional auxoohromes on the colour of 
triphenylmethane and azo-dyes 

From Bangalore, Sudborough and Lakhumalani published a paper on the 
displacement of sulpbonic acid groups in amino-sulphonio acids by halogen 
atoms 27. 

From the laboratories of the University College of Science, Calcutta, 
Mitter and Sen contributed a paper on some derivatives of hydrazo- and azo- 
phthalide 28. 

The year 1917 also saw the beginning of the fruitful partnership between 
Simonsen and Madyar Gopal Rau whose first paper (jointly with Gibson) 
on the nitration of 2-acetylamino-3 : 4 dimethoxy benzoic acid was published 
in this year 28, This was folio wo<i by a paper on the nitration of isomeric 
aootyl-amino-methoxy benzoic acids In the following year two other papers 

on the nitration of 5- and 6-acotyiainino-3 : 4 dimethoxy benzoic acids and 
4-aoetylamino veratrole 21 and the bromination of some derivatives of veratrole 
appeared. Simonsen alone contributed a paper on Morindone 22 and another 
on the nitration of 2-6-dimethoxy-ra-tolualdehyde end m-toluio adds 

In the same year, 1918, B. N. Ghosh, who had in the meantime joined the 
Gauhati College in Assam, published a paper on the synthesis of pyranol deri- 
vatives jointly with Cbatterji From Bangalore, $udborough, Bhagwat 
and Bhagwat published a paper on alcoholysis 

From the Dacca laboratories, Ghosh published a paper on Curoumin 
in 1919 and also another on dyes derived from quinolinic add 

A second paper on some derivatives of h3^raa5o- and azo-phthalide was 
published from the University (killege of S^noe, Calcutta, while from the 
laboratories of the Presidency College which B. B* Dey bad joined appeal 
a paper on ^-1 : 8 isonaphthoxazone 
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The Gaiihati College laboratories were responsible for papers on diketo- 
hydrindene III condensation of desoxybenzoin with aromatic aldehydes 
condensation of 1 -phenyl 3-methyl 5-pyrazolone with aldehydes and ketones 
and on condensation of benzoin with diaminos 

Sudborough and Bhagwat published a paper on the enolisation of car- 
bonyl compounds under the action of the Grignard reagents while Sud- 
borough and Karv6 contributed a further paper on alcoholysis 

From the College of Science, Calcutta, J. K. Kay published a paper in 
1920 on modification and extension of Friedel-CVafts* reaction and another 
on thianthren in the following year 

A new centre of research was started at Ahmedabad from where Meldrum 
and Alinichandani communicated a paj)er on the derivatives of gallic atsid in 
1920 while a second paper appeared in the following year 

Simonsen, who hod in the meantime joined the Forest Research Institute 
at Dehra Dun, published a note on the constituents of MoriTida cilrifolia as 
well as a paper on syntheses with the aid of monochloro-mothyl ether, Part 
IV These were followed by a paper on the constituents of Indian turpen- 
tine from Pintts longifolia Koxb., Part 1 which led to isolation of A* carene. 
The following year (1921), Simonsen published a paper on the essential oil from 
Andropogon Jwaran^uaa Jones and constitution of piperitone and another on 
the essential oil from the leaves of Skimmia laureda besides a paper (with 
M* G, S. Rau) on the synthesis of 1 : 6 dihydroxy 2-methyl anthraquinone 
From Dacca, Watson and Dutt communicated a paper on dyes derived 
from phenanthrenequinone while from Gauhati, Das and Ghosh published a 
paper on azo-compounds of diketohydrindene 

Prom Bangalore, Sudborough, Picton and Karv6 contributed a paper on 
additive compounds of arylamines with nitro-dcrivatives of naphthalenes 
and Sudborough and Karv^ on the action of methyl and ethyl alcohols on esters 
of 2 : 6 dinitro- and 2:4:6 trinitrobenzoio acids while Sudborough and 
Dosannaoharya communicated a paper on alcoholysis IV ®i. 

Guha published two papers in 1922, from the College of Science, Calcutta, 
on the constitution of the so-called dithiourazol of Martin Freund ®»» ®3, w^hile 
from the Dacca laboratories, Mukberji published a paper on the colouring 
matter from 1: 2: 4: 5 tetra-oxy^benzene and related substances ®4, l^car and 
Dutt on dyes derived from camphoric anhydride and Dutt on dyes derived 
from phenanthi^nequinone ®®. Further, Watson and Dutt contributed two 
papers on attempts to prepare rad sulphide dyes ss. 

Indian natural products began to receive the increasing attention of 
chemists, Simonsen published a paper on the constitution of the terpenes 
present in the essential oil from Andropogm Jtvaran^ttm Jones ®® in which A* 
carene tob found to be present, another on the essential oil from the loaves 
of Abiea Pindmv Spaoh 70 and a third (with M. G, S, Ran) on the essential 
oil &om Sitimea while with Rau he publiidied a paper on the 

oonatitution of a number of Indian essential oils 
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The following year (1023), 8imon«en published a paper on the essential 
oil from the gum-olcoresin of Bmwellia mrrata Roxb*'^^, on the leaf oil from 
Finns e^celm and the essential oil frbm the oleoresin of Finns Gemrdiam 
WaU on the essentia! oil from the leaves of Chijmm'm f^yrvloaa Don and 
on the oojistituents of Indian Turpentine from Finns longifolia, Part 11 and 
Part Ilf 7^ 

Watson, Ohatterji and Mukherji worked on the odon>us and bitter consti- 
tuents of Neem oil 

Rao and Sudborough worked on West Australian sandalwood oil while 
Desai, 8ud borough a?id Watson investigated Hongay oil from the seeds of 
Fongamia Glabra Vent PattJ, Sudborough and Watson published a pai)er 
on cashew kernel oil from the seeds of Anacurdium occidenfak Linn 

Further, Advani and Sudborough communicated a paper on the esteri- 
fication of the oycloparaffin monocarboxylic acids Ayyar and Sudborough 
worked on the action of bases on aajS- and aj8j9-tribromo-)5-pheixyl propionic 
acids and their esters while Sudborough and Williams investigated the addi- 
tion of bromine to a- and jS-chloro and bromo-cinnamio acids and their esters 
Rao and Iyengar detected the presence of 2-hydroxy-4-methoxy ben- 
zaldehyde in the roots of Decalepsis Hamiltomi 

From Madras, Dey and Row communicated a paper on bromo-nitro- 
ooumarines and their reaction with alkalis and Dey and Dalai on diasso- 
transformations of amino- ooumarines and amino-naphthapy rones 

From the Cbllege of Science, Calcutta, Sir P. C. Ray, Chakravai*ti and Bose 
contributed a paper on the mercaptans of the purine group, Part I Chokra- 
varti on the action of sulphur monoohloride on mercaptans®®, Mitter and 
Bardhan on condensation of amidines with othoxymethylene derivatives of 
)9-ketonio esters®® and Guha on ring closures of hydrazine mono-thio- and 
di-thio-carbomides with acetic anhydride 

From the Presidency College, Calcutta, Sircar and Sircar published a paper 
on phonanthriminazole while Datta published (with Ohatterji) his twenty- 
second paper on halogenation ®®. 

From the Ahmedabad laboratories, Meldnim and Shah contributed a 
paper on the action of bromine on p-bydroxy and p-methoxy-sulphonio 
adds and another on the constitution of sulphosalicylio adds and related 
subatanoeB ®®. 

Further oontributionB from the Dacca laboratories during the year 1923 
consisted in a paper by Dutt on dyes derived from IMphenic anhydride®®, a 
paper on peri-naphthindigotin and a third, jointly with Sen, on the action 
of hydrazine hydrate on phenanthreTmquinone 

This Inings us to the close of the year 1928. The establishment of the 
Indian Chemical Bodety with its own organ of pul^ication in the following year, 
1924, gave a remarkahle fillip to ohemioai aerivity in lndia» so that the Jouri^ 
of the Iiulian Chemioal Sodaty, which began as a Quartm^ly Johmal, wii 
oonverted to a monthly puldication in 19^^ 
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The first period in the growth of researches in organic chemistry in India 
which 1 have attempted to trace in this paper is an admirable recsord of the 
progress of a science as the result of whole-hearted co-operation between 
English and Indian scholars. 
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SYNTHETIC INVESTIGATIONS IN BICYCLIC TERPENES. 


By P. C. Guha, D»8c., Acting Professor of Organic Chemistry y Indian 
Institute of Science, Bangalore, 

{Bead at Syfnposium, September 26-27, 1938,) 

Inteoditotiou. 

Bicyclio ring systems are composed of two rings moited directly in the 
ortho position or having more than two carbon atoms common to both rings. 
The number of possible bicyclio ring systems is large, some are found to exist 
in naturally occurring terpenes, whilst among the remainder some are known 
only by synthesis. 

Among the eonstitiients of the essential the more important and 
widely studied are the terpenes and camphors, the former being hydrocarbons 
of the formula (CsHg),, and the latter their oxygenated products. The bioyolic 
terpenes, with which we are at present cHjncjemed, possess the molecular formtila 
CjtoHie differ from one another only in the nature of construction of the 
two rings, location of the methyl groups and the position occupied by the double 
bonds. 

As a result of the brilliant researches of Broyer, Bredt, Komppa, Perkin, 
Buzioka, Semmlej’, Wallaoh, etc., to name only a few amongst others, a large 
number of compounds belonging to this group have been isolated and their 
constitutions established by analytical methods and in some cases, particularly 
in the oamphane series, also by synthetic operations. The bicyolic terpenes 
can be divided into four distinct groups — catane, thujane, pinane and oamphane, 
on the boris as to how the second ring is attached to the c^c^hexane ring. 



(IlHMes 


Tht^tae Pmane Camj^vane. 
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PiNANE GbOUP, 

a-Pinene is the most widely distributed terpone known, being reported to 
occur in about 420 oils comprising those from all species. Closely related to it is 
the isomer j9-pinene, which has been isolated from about 85 oils* The oxidation 
products of these torpenes like pinocampheol, pinocainphone, verbenol, 
verbenoue, myrtenol and myrtenal have been found to occur in one or two oils 
only. The pinenes have a very close genetic relationship with the compounds 
of the camphane group as camphene, borneol, (iamphor, which are known to 
occur fairly widely in Nature. 

Though the chemistry of the compounds of the pinanc group and their 
derivatives has iKsen fairly thoroughly elucidatcil, no total syntliesis of any 
bicyclic compound of this gioup was known when synthetic investigations werti 
launched in this laboratory, the partial synthesis of pinocam phone, oc- and 
S-pinenes starting from pinonic acid, a direct degradation product of a-pinene, 
by Ruzicka (Helv. Chim. Acta,, 1921, 4, 666) and the synthesis of norpinic acid 
by KeiT {J. Amcr, Chem, Sac,,, 1925, 51, 614) being the only siiccessful synthetic 
work rei^ordiKl in literature. Two possible methods open for the synthesis of 
compounds of this ring system are : (a) to start from a cyclohexane com})ound and 
cjifecting bridge formation in 1 : 3 positions through an additional carbon atom, 
to form a eyefobutane ring, or (6) to start from a suitable cyctobutane deriva- 
tive and construct the cyc/ohexaiic ring with the 1 : 3-carbon atoms. Although 
the first method has been tried without suc(jess by Perkin and Simonsen {J,C.S,j 
1907, 91, 1736) and by Stark (Ber,, 1912, 45, 2369), by analogy with the success* 
ful bridging of (Jaureschi imide with methylene iodide by Kerr (loc, cit.), the 
bridging of 8(^heiber and MeiseFs ester (I) was attempted in this laboratory ; 
but instead of the reaction proceeding as in the case of Kerr’s experiment, 
there was obtained a derivative of methylene bisdimcthyldihydrorcsorcin (II). 


COaEt 

/lrH-C!(>^ (X) 

Mo^O (JHa McaCf 


\CH— 


ioaEt 

(I) 


^ CTHa\ 

r.iH.CHa.CH CMes 

'' \ / 

2' 


\lHa— CO '^CO-CH 

(II) 


CH~GO 

/ \ 


CH . CHa . COaH 

/ \ 


CMej CHa CHj MegC CH* 

\ / V-/ 


CH-^CHa 

(III) 


CH. CHa. COaH 
(IV) 


The first method having proved umuceessful, naturally our attention was 
directed to tlie second method, viz. synthesis of ooni|>ounds poesessii^ 
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skeleton (bicycfo-1 : 1 : 3-heptano) starting from suitable cyrfobutanc 
derivatives. 

Now that norpinic acid has been synthesiasod by Kerr (loc, cit.) and Guha 
and Gaind (/. Ifid, Chem, Soc,, 1934, 11, 241), the following synthetic investiga- 
tions have been undertaken starting from norpinic acid : (i) synthesis of 
ketonopinone and its reduction to nopinone (III); (ii) synthesis of pinocam- 
phone starting from homopinic acid (IV); (iii) synthesis of verbanone from 
pinononic acid synthesized by us ; (iv) synthesis of pinonic acsid, which will 
amount to a total synthesis of a- and 8-pinenes (cf. Euzioka and Trebler, 
Helv. Chim, AcUi.^ 1920, 3, 766; 1921, 4, 666; 1924, 7, 489) ; and (v) synthesis 
of nopinone, which will amount to a total synthesis of a- and /S-pinenes (cf. 
Wallach, Anmlen^ 1997, 357, 49; 1008, 363, 9). The third scheme had to be 
abandoned in view of the synthesis of verbanone by Komppa and Klami (Ecr., 
1937, 70, 788) starting from pinononic acid synthesized in this laboratory. 

SyntJiCMfi of ketotvopimne. 

Although pinene is very widely distributed in nature and its chemistry 
very thoroughly elucidated, ii is indeed very striking that till now no total 
synthesis of pinene oi' any ol* its bicycUc derivatives has been efiected. Perkin 
and Siinonsen (J.O^S.y 1907, 91, 1736) have remarktMi that the synthesis in 
this series is one of unusual exj)erimental difficulty and it has also been 
repeatedly observed that the general methods of preparation of six, five and 
oven three-membered rings fail either partly or wholly when applied to cydo- 
butane com|>ound8 (Ingold, 1921, 119, 306, 961, 954). Perkin and 

Simonsen’s (ioc. ciL) failure to synthesize nopinone, and the fact that Stark’s 
'demethylated pinone’ (Ber.^ 1912, 45, 2369) has been provcxl to bo methyl- 
ryclohexenone (Ruzioka, Helv. Chim.. Acta., 1920, 3, 762), seem to justify the 
above statement. Fortunately, however, there is no strict parallelism between 
the ease of formation and the stability of the rings in general and that though 
the cydohnt&ne rings are more difficult to construct, once formed they are 
quite stable. 

The synthesis of bioyclic compounds of the pinene series, by the con- 
struction of the cyclobutane ring from a cyclohexane derivative by bridging in 
the 1 : 3-positione, having proved to ho not feasible (Guha and Mayurnathon, 
J. Indian Inst. 8ci., 1032, 15, 131), it was planned to reach the some goal by 
the reverse prooeeta, viz., constructing the eyefahexane ring starting from a 
suitable cydobutane derivative. This investigation was undertaken with a 
view to synthesizing pinononic acid (VI, R « H) and nopinone (IV), starting 
from norpinic add because, if successful, this was to amount to a total sjmthesis 
of {Hoocamphone, a-, j8- and 3-pinenes. Though the final goal has not yet 
been reached, the syntheses of pinononic add and* ketonopinone' (VII) have 
been achieved. Pinonome acid is a direct degradation product of a number of 
impeutant xtatnraHy occurring substances, having been obtained by Wagner 
and SM^hikowaki (Jd*., 1896, 39, 581) by oxidiring pinene contaminated with 
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verbonono (VIII) or vcrbenol and also by direct oxidation of verbenol and 
verbenone (Guha and Ganapathi, Ber., 1036, 69» 1185). 

rmna-norpinic acid was converted into cia -norpinic anhydride which gave 
the acid ester (V), The acid chloride ester obtained from the acid ester gave, 
with zinc methyl iodide, methyl pinononate (VI, R « CH),b.p. 130~J35'"/14 mni,, 
agreeing with that of Wagner and Ertschikowski (he, cit.), and on hydrolysis 
gave pinononic acid. 

CH.COaH CH.COOH; 

/ \ / \' 

MossC CHa Me.C 

\ / \ / 

CH.COaR CH.CO^K 

(V) (VI) 

Methylpinonoiiate, when heated on the steam bath with sodinm in toluene 
or alcoholic solution, underwent cyeJizatioii, giving ‘ketonopinone’ or 4 : 6- 
diketonopinane. It ie claimed that this ia the first total ayntheaia of a bicyclic 
cofnpound in the f inane aeries. 

The reduction of the diketone (VII) with zinc dust and acetic or hydro- 
chloric acid (cf. Crossley and Renouf, J.C,8., 1907, 91 , 63; 1911, 99 , 1101) or 
by Clemmensen’s method (Klmda, ibid,, 1930, 206) has not yielded the desired 
prodtiots, and this may be ascribed to be due to the instability of this jS-diketone 
having the two keto groups directly attached to a cyciobutane ring (of, Simonsen, 
The Terpenea, 1932, Vol. 11, 101). 

Synthesis of pinocamphone. 

Next, it was planned to synthesize «^m-homopiuio acid (IV) and to oyclize 
the ester by Dieckmaim^s reaction to isonopinone-carboxylate (IX) wliich was 
expected to yield (a) wonopinono (X) by hydrolysis and decarboxylation, and 
(6) pinocamphone by methylation followed by hydrolysis and decarboxylation. 
The conversion oi' pinocamphone (XI) into a- and S-pinenes having already 
been effected by Ruzioka (Hdv, Ohim. Acta,, 1924, 7, 489), the synthesis of the 
former will amount to a total synthesis of a- and S-pinenes also. 

OH— CH .CH3 

X \ \ 

MeaC CHa CO 

\ / / 

OH”* — CHa 

(XI) 

The eyntheHia of aym-homapime add starting fram CMooipiiiiio^diAeid” 
oblwide by the aotion of duusomethane aooordipg to the method of Arndt 


OH CH.COaEt 

Mejd^ ^Ha \o 

(IX) 


OH OHa 

/ \ \' 
MeaC CHa CO 

\ / ./ 


CH- 


-Cfl« 


(X) 


OH — CO 

/' \ \ 

McaC CHe C 

\ 


OH- 


-C.CH 


/ 


\ 


OH — CO 


OH. MeaC CHa CH 
/ / 
OH CO 


(VII) 


(VIII) 
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Jlistert. (Ber., 1936, 68, 200) did not proceed in the desired manner. The same, 
however, was achieved starting from diethyl cm- or l^rnws-norpinate as follows : — 


HOCHs . CH 

/ \ 

Me..C CHo - 

HC-GH 2 OH 

(XII) 


Br-CHo . C-H 

/\ 

-> Me.C CH, 


H-C-CHaBr 

(XIII) 


NO . HgC-C-H 

/ \ 

Me^C CIH2 

\ / 

H-C-CH2.CN 

(XIV) 


HO2C.H2C-C-H 

\ 


Me. 


/ 


CH 

(IV) 


It is now found that the cis- as well as the /mn«- norpinie ester gives on 
reduction with sodium and alcohol the same fra»w-glyool (XII), which gives 
^mn«-norpinie acid on oxidation with permanganate. The glycol on treatment 
with PBi'ji gave the dibromide (XIII), the <raiw( -configuration of which has been 
proved by its conversion back into the ^m?Wf-glyeol (XII) on digestion with 
concentrated barium hydroxide solution. The dibromide with alcoholic 
sodium cyanide gave the corresjxmding nitrile (XIV) which on hydrolysis with 
aqueous |>otash furnished s^/Wz-homopinic acid (IV). 

The cyclization of this acid to a pinene derivative was tried without 
success by all the three usual methods, (i) The rule of Blanc (Comp, rend., 
1007, 144, 1356) requires that this acid should not yield the cyclic anhydride 
(XV) on treatment with acetic anhydride but only the ketone taonopinone 
(X) if it is of the cw-form. It has actually been found that on treatment with 
acetic anhydride, the acid gives a double anhydride (XVT) similarly as tram- 
c^c/obTitane-l : 3-diearboxylie acid which furnishes a similar anhydride 
(Haworth and Perkin, J.C,S,, 1898, 73, 330), 


CH .CHo.CO 

M<v(^ CHs >0 

/ / 

OH-CHo . CO 


CH3.C().0.C0--C— H 

MegC \h2 

\ / 

H-C.CO.O.OO.OHa 


(XV) (XVI) 

The anhydride (XVI) does not yield any anilic acid, nor any ketone on dis- 
tillation, but only trane-aym-hamopime acid on warming with water, (ii) 
The acid distils unchanged over barium hydroxide (Kandiah, J.C.8., 1931, 
922; Barret and Linstead, iftid., 1936, 436) giving rise to no ketone, (iii) 
The diethyl ester on refluxing for a day with molecular sodium in benzene 
undergoes no cyclization, but on prolonged boiling in xylene solution gives 
a trace of a product which does not seem to be the desired compound. It is 
thus dear that the add (IV) cannot be cyclized to give rise to a bicycHo 
ooiUpound due to its possessliig the trans-configuration. 

In the light of the results presented above, we are now able to interpret 
the foflure of Ostling (CkntraliiaU, 1921, 3, 106; Overaki Finaka VatUenakapa 
Sob,, 1916, 57 A, No. 23, 14) in obtaining nopinane (XIX) by the action of 
Mdium on the dibromide (XVIXI) derived from the idyool (XVII). He seems 


a 

.COjH 
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to have assumed the compounds (XVII) and (XVIII) to be of the cis-oon- 
figuration; but, from the results now obtained, it is clear that they possess 
iram- configurations and as such the formation of bicyclic compounds of the 
pinene group from them is not possible (Guha, Ganapathi, 8ubramanian and 
Sankaran, Bet,, 1937, 70, 736). 


MejjC 

(XVII) 


OH— CMsi 

/ \ \ / 

CHjj CHgBr MogC 


OH— OH, 


\ 


(XVIII) 


(XIX) 


Synthesis and Configuration of Pinic Acid. 

The fact that pinic acid, obtained by hypobromite oxidation of cis~ 
pinonic acid, is convertible into ct«-norpinic acid by successive stages through 
bromopinic acid, hydroxypinic acid (XX), norpinaldehyde (XXI) (Bseyer, 
Ber.t 1896, 29, 1907; Perkin and Simonsen, J.C.S.^ 1909, 95, 1175) led Perkin 
and Simonsen (loc. cit., Simonsen, The Terpems^ Vol. II, p. 128) to suggest 
that pinic acid as also bromopinic and hydroxypinic acids possess the cis^ 
configuration. It occurred to us to be jieculiar as to why hydroxypinic acid, 
m spite of its being a S*hydroxy acid, is not known to give the lactone (XXIT). 


CH.OHOH.COoH 

MeaC^ CHg 

\ ,/ 

CH . COaH 

(XX) 


CH.CHO 

/' \ 

Me.,C CH., 

'\ / 

CH.OOaH 

(XXI) 


CH— CH.COaH 

Me^C t;H.2 O 

\ / /' 

CH— CO 

(XXII) 


The non-formation of the lactone of hydroxypinic acid was (considered as 
possibly due to its possessing the <mtw-configuration. Hince the startiiig 
pinonit; acid is of the c^-form, the change of configuration from cis to trans 
can happen in any of the three stages involved in the formation of hydroxypinic 
acid from pinonic acid. But the change in configuration from cis to trans 
seems to be more probable to occur during alkaline oxidation of pinonic to 
pinic acid, this view receiving further support from the observation of Delepine 
{BuU. Soc. Ohim., 1936, 3, 1969) that cis-pinonic acid is converted into the 
fmtw-fonn by means of alkali. Ostling (CentraUtlaU, 1921, 3, 105) reduced 
pinic estc^r with sodium and alcohol and obtained a glycol which has been 
assigned the n^a?w-oonfiguration. Since oxidation of this glycol (X VII) can 
only yield fmn«-pimc acid (XXIII) it was decided to elucidate the configuration 
of the pinic acid obtained fipom pinene via c^Vpincmio acid, by a comparison 
of its properties with those of the fmns aeid. 

The 0yool (XVII), obtaixiked by the reduction of pioio ester, on oxidaticm 
with permanganate furnished the pinio acid (XXXH), which in all pfaysiocd 
properties resembled that obtained by direct oxidation of {unanlc acid. 
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The acid alcohol (XXIV) obtained by the action of sodium and absolute 
alcohol on cid-norpinic. anhydride was proved to be of the ^mn«-fonn, as it 
yielded imw^-norpinic acid on oxidation « The acid alcohol was converted into 
<ran«-pinic acid as follows : 

CH . CH 2 OH OH . CH^Br OH . CH^ . CO^H 

y " \ PBr^ \ 2 steps /' \ 

MogC > Me^O OHo > McgO CH^ 

\ \ /'" 

HO 2 C , CH HOoC . CH HO.O . CH 

(XXTV) (XXIII) 

The ^rans-pinic scid thus synthesircd resembled the other Bj)ecimen in all its 
profjerties. 

Grandperrin (Annalen de Chemipy 193b, 6, 2b), following another line of 
argument, has recently suggested that the pinic a(;id obtained from pinene is 
of the tram4orm. Though his conclusion agrees with that of ours, his argu- 
ments do not seem to be quite satisfactory. 

Having thus proved pinic acid to be of the /mwA-form, experiments are in 
progress to fix the configuration of hydroxypinic acid and to eJiuridate at which 
stage the change-back to the ct.v-form occurs, in the degradation of pinic acid 
(now proved to be tram) to m-norpinie acid (Guha, (3anapathi, Subramanian, 
Ber,, 1937, 70, 1595), 

AUempUi to ftyrdhemze pinonic acid. 

Though the synthesis of m-pinonic acid was not easily feasible, it was, 
however, thought desirable to synthesize fmna-pinonic acid (XXVI) and to 
verify the findings of Delopine (Bull, aSoc, Chim,y 1935, (5) 3, J3b9) that 
the liquid variety of pinonic acid -obtained from the oxidation of pinene 
is the ^mwa-isomer, also obtainable from the solid ci^-form by the action of 
alkali, SincHi the synthetic pinic acid has been shown to be idonti(‘al with that 
obtained by the degiadation of a-pinene, we turned to the latter as the most 
suitable starting material for the synthesis of fmiw-pinonic acid, via the mono- 
ester (XXV) by Blaiso-Mair reaction on its acid chloride. But all attempts to 
synthesizes this acid ester in good quantity were vmsuccessfuh Attempts were 

CH.COjiH CH.CO.CHi 

y 'bH.. 

, ,, \ / / 

OM.CHj.OOaU OH.Cfls.rOaR 

(XXV) (XXVI) 

mode to prejmro the aoid ester (XXV) by partiiU esteriiieation of pinic acid. 
By adding just one moleoule of alcohol to the di>aoid chloride of pinic acid, the 
yield of the add ester waa found to be very bad (about 5%) the main products 
being pinio add Uid the di-estei'. 
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Fujita (J. Chem, Soc, Japan, 1933, 54, 1811) isolated from the oil of 
Orthodon laneeolaium a hydrocarbon *o^thodene^ which on oxidation with 
pennanganate gave a keto-carboxylic acid, CioH^dOa, which with alkaline 
hypobroinite has Ix^cn described to yield, rather curiously, bromonorpinic acid. 
Situ^e the correctness of the structure (XXVIl) for the hydrocarbon depends 
CH CM CM . COgH CH . COgE 

\!H2 C.CHa CO.CH3 MogCl^ 

\// N// 

CH CHs CH CH.. CH . CH^ . COgH 


(XXVII) (XXVITI) (XXIX) 

entirely on the constitution of the * keto-carboxylic acid^ (XXVIII), we have 
effected the synthesis of an acid of structure (XXVIII) by the Blaise leaction 
on the acid chloride of the acid ester (XXIX) obtained in good yield by the 
partial hydrolysis of pinic ester. The difference of this acid so obtained from 
^mns-pinonic acid (onfirnia the structure (XXVIII) assigned to it. 

The synthesis of a compound with structure (XXAMT) in order to establish 
its identity with orthodene is in progress, 

Nopirume. 

The synthesis of nopinone was attempted according to the following 
two Bohenies: 
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Since the yield of the tiompound (XXX) in the first step was very poor, the 
method had to be abandoned (cf. Proc. Indian Sci, Cong^y 1936, p. 190). The 
synthesis of the acid (XXXTII) was next undertaken starting from norpinio 
semi -aldehyde (XXXI) obtained by degradation of ^mna*pinic acid synthesized 
in this laboratory. Though no experimental proof has as yet been obtained 
as to the stage at which the change of the configuration from tram to da takes 
place in the degradation of <mn«-pinio acid to cta-norpinic acid, it appears 
reasonable that hydroxy- pinie acid, known not to give the lactone, is of the 
transAonn, and norpinic semi-aldehyde is of the c^^y-variety, since the letter 
gives m-norpinic acid quite readily on oxidation. Norpinic semi-aldehyde 
condenses with malonic acid to give the desired unsaturated acid (XXX II), 
which on catalytic reduction gives n saturated acid that apjiears to l>e 
(XXXIIl). Work is in progjess to secure a sufficient supply of norpinic seini- 
aldehyde to finish this series of synthetic investigations. 

On synthesis of verhenone, 

Norpinic di-acid chloride by Blaise reaction under regulated eonditions 
with ZiiMel gave, along with other products, crystal lisate, m.p. 103--5', which 
appears to be a diketone. Work on the conversion of this into verhenone 
(VIIl) is in progi'CHS. 

CH . CO . CH^ CH 0 . OH 3 

/ \ / \ \ ’ 

Me.C CHa > MesC CHg OH 

A / “ \ / / 

CH.CO.CHj, OIL CO 

(vni) 

Thujane Gboup. 

The compounds of the thujane group do not occur very widely in Nature. 
Two hydrocarbons, a-thujenc and sabinene, two ak^ohols, sabinol and thujyl 
alcohol, and two ketones, thujono and umbellulone, are known and reported 
to occur in 2, 23, 2, 3, 26 and 1 oil respectively. 

Synthetical experiments in the thujane series are too meagre as compared 
with the vast amount of work done in the other branches of bicyclic terpenea. 
The difficulties involved in a successful synthesis of the thujane skeleton lie, 
not to an inconsiderable extent, in the ease with which the oyc/opropane ring 
breaks to give either six or five-membered cyclic compounds depending upon 
how the ring opens up (cf. Presidential address, Chemistry Section, Proe, 
Indian Sd. Cmg.y 1988, p. 148). 

Pot the synthesis of the thujane ring system, there are three possible 
methods available, viz. to start with a suitable c^cfohexane derivative and form 
the cf^cfepropane ring by direct bridging of the 1 : 8-oarbon atoms; to start- 
with a cyd^niam ring and construct the additional <^k>propane ring or 
Vice versa. The kist method has been employed by Bttssicka and Koolhaas 
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{Selv» Ghem. Ada., 1932, 15, 944) in their partial synthesis of thujane starting 
from a-thujaketonie acid. 


Synthesis of noHhujane-2 : Micarboocylic eMer. 

The preparation of compound (I) has been tried by three different methods, 
viz., (i) by the action of carbonyl bromide upon ethyl pentane- 1 : 1 : 6 : 5- 
tetracarboxylate, (ii) by the treatment of sodium alcoholate on trimethylene 
dimalonio ester, and (iii) by condensing trimethylene- bromide with ethyl 
aoetonedicarboxylate. Carbonyl bromide reacts readily with tri-methylene 
dimalonic ester to yield respectively ethyl rfycfohexanone-2 : 2 : 6 : 6- 
tetracarboxylate, which has been converted into cyc/ohexanone on hydrolysis 
and decarboxylation. The disodium derivative of (I) reacts with bromine, 
to yield northujone-2 : 6-dicarboxylie ester. The structture of compound (II) 
has been definitt^ly established by oxidising it to cyc/opentane-1 : 2-dicarboxyli(' 
acid (ITT). 


(;h 
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(1) (Ii) 


CHo— CH .CO2H 

A. I 

CH.r-CH.CO2H 

{III) 


Trimethylene bromide reacts with the magnesium derivative of ethyl 
aoetonedicarboxylate to yield the keto diester (1). This new method (Oulia 
and Seshadriengar, Ber., 1936, 69, 1296, 1212) is more convenient to work with 
and the yield (x>mjmres favourably with that obtained by the method of 
Meerwein {Ann., 1913, 398, 21 S) IVom ethyl f>entanc-l : 1 ; 6 : 5-t<^tra- 
carboxylate. 

Synthesis of Ttmjane. 

The parent satuiated hy<lro(^arbon of this group, tiiujane (V), has now 
l)een synthesized by the 6rst two routes as indicated above, viz. (i) by Guha 
and Bhola Nath {Ber., 1937^ 70, 931-36) starting frem dibromomeiithone 
(IV), and (ii) by Guha and Krishnarnurthi {Ber,, 1937, 70, 2112) staiting from 
ethyI-l-methyl-3‘4Aopropyl- ryc^?pcntane-2-on<?-l-carboxyIate (VI) as follows; 
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OH, 


0 . COjEt 


(ii) CH« CO 

JiH,— (W . OHMe 
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Degradation Product, 

Many of the naturally occurring oompoundB of the thujane series yield, 
on degradation, a series of acids, e.g. umbellularic acid (VII), umbellulonic acid 
(VI), thujadicarboxylic acid (X) and thujaketonic a(jid (XI), wlierein the cyck>- 
propane ring remains intact. The syntheses of these acids are certainly of 
great significance since they (jonfirm the presence of the cyc/opropane ring in 
compounds of this group. The acid to be synthesized first in this senes was 
umbellularic acid (VII) by Rydon 1936, 829), by Simonsen {J.C,S,i 

1936, 828) and also by Ranganathan (J, Ind, Ohern, Soc,y 1936, 13, 419), the 
last having been achieved in this laboratory by the action of diazoacetic 
ester on ethyl a-tsopropylacrylate (VIII). This acid (VIIl) has also been 
recently synthesized by Ouha and Muthanna {Current ^Science, 1938, 6, 605) 
by the action of diazometham^ on the unsaturated ester (IX) and hydro- 
lysing the product. It has also been found by Guha and Muthanna {Current 
Scievx^e.y 1938, 6, 449) that ethyl a-wopropylaoryiate (VIIl) adds on diazo- 
acetone to yield a pyrazoline derivative which on decorn|:)OHition furnished 
umbtdlulonic acid (VI). 


CgH; . C . C()*,H (JaH; , 0 . CO.H 


HoC 


/\ 

N.,CH.CO.,Et 

II 

H,C" 1 

1 pt<>. 


\l 

CH.C’OOHu ( 
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(VT) 


(VTI) 

CgH7.0.0O»Et 


CXG02Rt)2 


. V . COoRt 


(VlIT) 


(IX) 

Attempts are being made to synthesize thujadicarboxylic acid (X), the 
anhydride of which has been converted by Guha and Muthanna (work to be 
puUiihed} into thujaketonic add (XZ) by the action of Orignard reagent. The 
c^tbesig the unsaturated ketone (XII), which on addition of diazomethane 
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is expected to furnish tliujone, is in progress. Work is also in progress to 
synthesize sabinakctone, ^-thnjene, isothujone and hoinothujadioarboxylic 
acid. 

CHa 


CgH j— C—CHo . CO..H C;,H7— C— OHg . COaH CH 

HgC’^ CfT 

\h. 002H ^('iH.CO.CHa CsHy . 


2 


(X) (XT) (XII) 

CaHANB GROtTP. 

The three hydrocarbons of this group, viz, and A^ -cannics 

known till now, do not occur widely in nature. The sytithesis of the biryclic 
compounds of this group is pt^ssible by three methods, viz. (i) starting from a 
cyclohexane ring and oomtrxicting the additional cyc/opropane ring, or (ii) vim 
versa, and (iii) starting from a cyc^oheptane ring, to construct the cyciopropane 
ring by direct bridging. All these three methods have l)een tried in this 
laboratory. 

Guha and Rankaran {Ber., 1037, 70, 1683-1088) have synthesized the 
cycfoheptane acid (I) starting from tetramethylene bromide and Quareschi 
imide. This acid is expected to be converted into an apocarane derivative by 
bridging of the carbon atoms carrying the carboxyl gi‘onj)B and deearboxylating 
the resulting bicyolic compound. The other scheme (Guha and Ghosh) starting 
from ethyl 4 : 7-diketocyc2oheptane-l : 1 : 3 : 3-tetracarboxylato (II) had to 
be abandoned since this compound is obtained in small quantities and also 
offered further difflcidties in hydrolysis. 


Synthesis of Carane. 

Guha and Sankaran {Current Science, 1938, 6, 600) have succeeded in 
synthesizing the saturated hydrocarbon, carane (III), by adding dimethyl- 
diazomethane to ethyl A'-tetrahydro-p-toluate (IV) and deearboxylating 
the acid obtained from the resulting bicyclic ester. 


CO^H 


CHg.CHj 


CHjj.CHj.CH 

(IsOall 


CHj.OO.qCOsEtls I I 

\nM CH CH 

CHa . CO . C(C08Et)s HaC CHg CH* CHj 

(IT) Hai Ah (JHa (Sh 

\h— I cMea 


(IV) 



P. GITHA : SYNTHETIC INVESTIGATIONS IN BIOYOUC TKBPENB8. 220 


Byn^eais of caronic and homocaronic acids, 

Home oxidation products of compounds of this group, viz. caronic (V) 
and homocaronic (VI) acids have been synthetuzed by Guha and Sankaran 
{Ber., 1937, 70, 1688) by the addition of dimethyldiazomethane to ethyl 
fumarate or maieate and to ethyl ghitacouate respectively, as follows : — 


CH.CO^Et 

2 steps 

CH.CO.Et 


CH . CX)aH 

/ I 

Me.C I 

^\l 

CH.COijH 


OH . COaEt 

II 

hydrolys. 

CM . CHu . COjiEt 


CH . COoH 

CMoo 

\CH . CHa . COgH 



(V) (VI) 

Camxuiane Group. 

The (iompounds of this group, viz. camphene, camphor and borucol 
occur very widely in nature. A vast amount of work has been, done in this 
field perhaps without |>arallel in any other group of ter^)enes and not much of 
synthetic work remains to be done in this group. But there are several degra- 
dation products known, the formation of wliich can only be explained by 
Wagner and Nametkin rearrangements, eharacUnistio of the members of this 
group. Hence, it appeared desirable to confirm their constitutions by 
unequivocal synthesis, 

Borne important degradation products of camphor, 

Isodehydroapocamphoric acid (I) synthesized by Komppa in connection 
with his synthesis of camphor, through a series of steps starting from fip- 
dimetbylglutaric ester and oxalic ester, has now been synthesized by Guha 
and Sankaran {Ber,, 1937, 70, 21()9) in one step by the addition of dimethyl* 
diazome thane to ethyl muconate. 

GH : OH . COgEt CH CH . COoH 

MogCiNg Vh2 

_ liydrolysis. cH CH^COaH 

CHiCH.OOaEt 

(I) 

laafaurolmic o/oid wa« fii^t obtaiiMxi by Walker {J.CM., 1893, 63, 504) by 
the eleotroIyfUB of aodium salt of ethyl hydrogen oamidiorate. By making 
use of the ^formatsky synthesis very widely applied in this series, Ouha and 
Snbtamaoian (Jer., Id37, 70, 228) have suooeeded in synthesizing dihydro- 
isoloorolonio acid (U) whiofa has already been converted into isolaurolonio 
aoid (III), as follows:^ — 
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EtO^C— CMe; 
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iMurohnic acid (IV) is leiiig synthesi/AHl following tho prowcjure indioated 
alH)ve, starting from j3-bromobutyrio ester and a-methj'l-atetoacetato. 
Similarly, by the action of a-bromo-isobutyric ester on laevulinic ester, 
liomocamphoronio acid (V) has been synthesized which, through oamphononic 
acid (V), is ex{)ected to be converted into camphor, it is-significant that this 
synthesis of camphononic acid will amount to a new total synthesis of camphor. 
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SyntJums of a deg^tadaiion 'product of cmnpho^rquiwmc. 

To tho product obtained from eamphorquinone on treatment with Hulphuric 
acid, the formula (Vll) in attributed, the formation of this compound involving 
a peculiar Wagner arrangement. Conaiderable progress has been made in the 
synthesis of compound ( VII) according to the following scheme : 
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()n syntheaia of bicyclic cmnptmnd^ of the camphane group. 

For this there are only two methods available : (i) to start from a cyclo- 
j*cntane derivative and construct the other ring system, or (ii) to start from a 
c^c/^hexane derivative and bridge it in 1 : 4-position8 through an additional 
carbon atom. 

An attempted synihema of apocamphorquinone. 

Although camphorquinone, the interesting bicyclic o*diketone, is known 
and a large number of interesting comjxjunds have been derived from it, it 
is indetMl surprising that its next lower homologue, «pocam})h<>rquinono is 
not yet known, 

Giiha and Ranganathan (ifer., 1936, 69, 1195) attempted a syntht^sis of 
aiM)camphorquinone by the action of ethylene bromide on the smlium deriva- 
tive of diketo apocamphorie ester, but the reaction product did not yield the 
expected dikt^tonic product (VI II), but only the compound (IX). The same 
authors (J?er., J937, 69, 1199) have succeeded, moreover, in synthesizing 
ketohomonorcamphor (X) starting from the anhydride of cyc/opeiitane-l : 
3-dicarboxylic acid through the ketonic ester (XI). 
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Action of aUphMic diuzo eompouiida on cyclic conjugated ayatenia. 

The synthesis of bicyclic derivatives of the norbornylane group ha.s becni 
attempted by Guha and Hazra by the action of diazomethane on cyclic con- 
jugated systems with the I : 4 carbon atoms activated by oarbethoxy groups. 
Thus A ^-'^-dihydroterephthalic ester (XII) has yielded the bicyclic compound 
(XIU). 
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On synthesis of compounds of the tricydene type. 

(Jiiha {Current Science y 1936, 5, 19) has found that the sodiuin salt of 
suenini]oHUotini(^ ester, under certain well defined conditions, reacts with 
ethylene and trimethylene bromides to yield ros|H5t‘tively the bicyclic 
compounds (XIV') and (XV). 

The space model of the parent hydrocarbon bwycto*{^l : 2 : 2)-octane, of 
which (!om}>ound (XIV') is only a derivative, is entirely symnietricfil about the 
axis joining the carbon atoms 1 and 4. Further, as the result of this bridging, 
the koto groups in positions 2 and 5 have come nearer to the methylene groups 
in positions 6 and 3 respectively (cf. XVI), thus facilitating bridge formation 
between 2 : fi and 3 : 5 carbon atoms directly or through the intervention of 
other carbon atoms. The reduction of the bridged compound (XIV) appears 
to have yielded such a trioycUo compound (XVII). The results are being 
confiriued. 
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A new mcth(jd of eynthesis of BictfelO'{2 : 2 ; 2)-octane syetem. 

Another method which is being tried and appoant to bo of general appli- 
cability for the Hynthesis of bicyclio ring systems is by effecting double ring 
closure in the ester (XVIII). In one case tried (when n •» 2), viz. by the 
action of sodium on /S/S'-di-carbethozysuberate, the interesting bicydio com- 
pound (XIX, n B! 2) has actually been obtained. The corresponding bicyclio 
diketono (XX), obtained &om (XIX) by hydrolysis and decarboxylation, is 
being converted into the bicyclio hydrocarbon. 
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SYNTHESIS OF COUMARTNS AND CHROMONES. 


By D. Chakbavarti, University Colle-ge of Science and Technology ^ CalciUta. 
(Ee/Jhd at Symposium^ September 26-27^ 1938.) 


The occurrence of a largo number of coumarin and chroinone derivatives 
in natime has led many investigators to find out general methods for the syn- 
thesis of compounds containing either the benzo-a-pyrone or the benzo-y- 
p 3 n*one ring leading to the synthesis of naturally occurring substances. Jt is 
proposed to discuss briefly in this paper some of the synthetical methods and 
their limitations. 

The two most important methods for the synthesis of coumarin deriva- 
tives are due to Ferkini and Pechrnann^^. The naturally occurring coumarins^ 
have been obtained either (i) by the closui'o of the lac^tonic ring with the neces- 
sary substituents in the benzene nucleus, or (ii) by the introduction of the 
substituents in the requisite coumarin. The action of the sodium salt of an 
aliphatic acid and its anhydride on an o-hydroxy-aldehyde with the inter- 
mediate formation of the o-hydroxy-oinnamic acid (Perkin s method) and the 
action of malic acid on phenols in the presence of sulphuric’, acid (Pechmann’s 
method) have been very convenient methods for the synthesis of naturidly 
occurring ooumarins. The o-hydroxy-cinnamic acids have also l)een prepared 
by other methods and they easily lactonize to coumarins. 

Chakra varti and Majumdar^ have described a method, which bids fair 
to be a general method for the synthesis of 3 : 4 -dialkyl -coumarins not available 
by the usual methods, o -Hydroxy-aryl -alkyl ketones, which are readily 
available either by Hoesoh’s reaction or by Fries’ rearrangement of acylated 
phenols, may readily be converted to coumarin derivatives in the following 
way: 
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In attempting to S 3 mthesize naturally occurring coumarins by this method 
it has been found by Chakra varti and Majumdar'' that 

(i) When there are two alkyl substituents namely in the a- and jS -positions 
of the expected cinnamic acid, ci^-cinnanxic acid is formed and the coumarin 
is obtained in qAxantitative yield. 

(ii) When there is no substituent in the a- and jS-positions or when there 
is only one substituent in the a -position of the expected cinnamic acid, tram- 
cinnamic acid (t.c., o-coumaric acid) is formed and ring- closure does not take 
place forming coumarin. 

Thus this synthetical method may also bo utilized for obtaining o-coumaric 
acids readily in quantity. 

Pechmann c/ al^ prepai'ed various coumarin derivatives with alkyl sub- 
stituents in the pyrone ring by the condensation of a phenol with a j9-ketonic 
ester in the presence of sulphuric acid as the condensing agent. In Pechmanu's 
reaction for the symthesis of coumarins Clayton^ found that different phenols 
condense with varying degree of readiness and the reaction is always facilitated 
by the presence of a hydroxyl or an alkyl group in position 3, position 6 being 
occupied by the carhon atom taking pai*t in the condensation. 


OH 



Though the presence of a halogen atom in the phenolic nucleus greatly 
hinders Pechmann’s reaction a substituent like nitro or carboxyl group totally 
inhibits the reaction ; but a phenol like resorcinol, which has the faculty of 
forming a coumarin with great readiness, reacts readily with aoetoaoetic ester 
even if there be a halogen at^m or a nitro or a carboxyl group in the phenolic 
nucleus®. 

The condensation of a phenol with a jS-ketonio ester may lead to two 
different products either a coumarin or a chromoue: 




(Chromone) 


+H20+Et0H 


+H20+Et0H 
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Pechmann® showed that ooumarins are obtained by using sulphuric acid as 
the condeTising agent and Simonis® showed that chromones are obtained by 
phosphorus pentoxide. These two reactions have been extensively 
studied by Chakra varti and co-workers^®. ® and Robertson and others^i with 
special reference to the part played by the condensing agent and the influence 
of any substituent in the molecule of the j9-kotonic ester or the phenol. The 
generalization made by Chakra varti^^ that ‘‘those phenols which readily give 
coumarins with jS-ketonic esters in the presence of sulphuric acid also give 
coumarins and not chromones in the presence of phosphorus pentoxide and 
those phenols which give coumarins with sulphuric acid in poor yield or do not 
react at albprodu<ia good yields of chromones has been supported by numerous 
experimental facts and it has also been showm by Chakra varti ei oZi®* ® that the 
chromone condensation could be facilitated by the introduction of halogen and 
nitro groups into the molecules of those phenols which do not satisfactorily 
respond to Pechmann's reaction, specially in the case of the monohydric 
phenols. 

The halogen and nitro groups exert an inhibiting effect in Pechmann^s 
reaction in the formation of coumarins and a favourable influence in chromone 
formation in Simonis* reaction. It is noteworthy that neutral, basic or acidic 
condensing agents like sodium acetate, sodium ethoxido, hydrochloric acid, boric 
anhydride, zinc chloride, phosphoric acid, aluminium chloride, etc., bring about 
coumarin condensation!® and the behaviour of phosphorus pentoxide is remark- 
able. Goodall and Robertson!^ have found that phosphoryl chloride in some 
cases brings about chromone condensation. 

If there is condensation under Pechmann’s condition coumarins are 
invariably formed. /S-Naphthol is the only phenol which has Ix^en found by 
I)ey and Lakshminarayanani® to give a mixture of coumarin and chromone by 
Pechmann's reaction (only with uusubstituted acetoaoetio ester). With alkyl- 
aoetoacetic ester, however, j8-naphthol condenses in the presence of sulphuric 
acid to form a coumarin and not a chromone.!® 

A large volume of work has been done on chromones and quite a 
number of methods is available for synthesizing derivatives of chromones 
and ohromonols. Chromones, on hydrolysis with different hydrolytic agents, 
break up into phenols, o-hydroxy-acetophonones and o-hydroxy-acids, and 
methods have b6en developed to build up the chromones from any one of these 
fission products but some of these methods form along Avith the y-pyrones the 
a-pyrones. 

The phenols have been used by Buhemann!^ and Simonis® for the synthesis 
of chromone derivatives. Ruhemann condensed sodium phenolates with 
ethyl ohloro-fumarate, ethyl pbenyl-propiolate and ethyl /3-chloro-crotonato 
and treated the intcirmediate products, thus obtained, with concentrated sul- 
phuric add or bettor with phosphorus pentaohloride and aluminium chloride 
whereby the desired chromones were obtained: 
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With ethyl phenyl -propiolate the yield was satisfactory but with the other two 
the yields were far from being so. Simonis’ method is a modification of Pech- 
marm’s method from phenols and j3-ketonic esters, but in this reaction a- 
py rones are also formed and it has a very limited applicability (Me supra). 
The only attempt at synthesizing chroinonos from o -hydroxy-acid was 
made by Kostaueokii* who condensed ethyl o-methoxy- benzoate with acetone 
and acetophenone and obtained the chromones on heating the intermediate 
j3-diketoncB with hydriodic acid : 
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The o-hydroxy-acetophenones have l>een largely used for the synthesis 
of chromone derivatives; 

(i) Kostanecki^*^ condensed o-hydroxy-acetophenones with aldehydes 
giving rise to chalkones, the dibromides of which on treatment with alkali 
form chromones. 
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(ii) Kostanocki^f* condensed esters with o-methoxy-aoetophenones and 
from the intermediate jS-diketones formed chromones were obtained on boiling 
with hydrkxiic acid. 
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(iii) Spat/h^i condensed o-hydroxy-phenyl- benzyl -ketones with ethyl for- 
mate and the intermediate oxy-methylene ketones gave Moflavones on ring 
closure with hydrochloric acid. This method has been modified by Mahal, 
Rai and Venkataraiuan^a. 
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(iv) Nagai^* and Tahara^^ heated resacetophenonc and pmnol with sodium 
acetate and acetic anhydride and obtained t^ompounds which wore shown by 
Kostanecki and Rozyoki^'^ to be derivatives of chromones. This very conve- 
nient method has been furtlier dovelo}>ed by Robinson^® and used by him in 
synthesizing a large number of chromones and chromonols occurring in nature 
by heating various o-hydroxy-aryl -ketones with the anliydrides and the corres- 
ponding sodium salts of aliphatic and aromatic acids. Itecent researches*^, 
however, have shown that the method is not of goaoral applicability, inasmuch 
as (chromones or coumarins <3r a mixture of them may result from the above 
reaction, since there arc two ways in whic^h the intermediate acyl derivative 
may lose the elements of water giving a chronione or a coumarin: 
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Heilbron and co-workers** have found that the nature of the product 
in this reaction depends on (i) the nature of the o-hydroxy -ketone and (ii) the 
acid anhydride and the salt used. The following Table summarizes the 
expenmental facte regarding the formation of coumarins and chromones by 
the application of Kostanecki ’s reaction. 
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Ketone used. Acid anhydride used. Product obtained. 

o-Hydroxy-acetophenone Acetic anhydride Chromone 

+ Sodium acetate. (sometimes with 

traces of coumarin.) 

o*Hydroxy-acetopheuone Propionic anhydride Coumarin, 

+ Sodium propionate. 

o-Hydroxy-propiophenone Acetic anhydride Chromone. 

+ Sodium acetate. 

o-Hydroxy.propiophenone Propionic anhydride Chromone. 

+ Sodium propionate. 

o-Hydroxy-propiophenone Butyric anhydride Chromone. 

+ Sodium })utyrate. 

o-Hydroxy-acetophenone Phenylacetio anhydride Coumarin. 

+ Sodium phenylacetate, 

o-Hydroxy-propiophenone „ „ „ Coumarin. 

Hence lleilbrou and co-workers conclude^® ‘In each case it is the hydrogen 
of the reactive m(^thylene group between phenyl and carbonyl which takes 
part in the ring closure. This influence is sufficiently ix)werlul to out- 
weigh the weaker effects introduced either by replacing the methyl ketone by 
the ethyl ketone or by using derivatives of propionic acid in place of those of 
acetic acid . The influence of the phenyl group on the course of the Kostanecki’s 
reaction, though more powerful, is in the same direction as that of the methyl 
group. When substituted in the sodium salt and the acid anhydride both 
groups favour coumarin formation, but when substituted in the hydroxy- 
acetophenone side chain both groups favour chromone formation.’ 

The above generalization of Heilbron has also been supported by the work 
of Flynn and Robertson and of C -haki'avarti and Bagchi Chakravarti and 
Majumdar have further shown by a detailed study of Kostanecki’s reaction 
on the halogenated aceto-, propio-, and butyro-phenones that the halogen atom 
has no marked influence towards the formation of y-pyronos as in Simonis’ 
reaction {vide supra). 

It has often beeti a puzzle for the investigators in this lino to distinguish 
whether a compound is an a-pyrone or a y-pyrone derivative and absolute 
reliance on the hydrolytic method has often misled workers to assign a y-pyrone 
structure to a compound having an a-pyxone structure.®® According to 
Baker the only safe criterion of a chromone structure is the formation on 
hydrolysis of a hydroxy-ketone of the type (A). The formation of a neutral 
ketone of the type (B) is also possible for an isomeric coumarin; 
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On treatment with alkali the lactonic ring of the coumarin breaks iij) 
and it is difficult t/O isolate the coumarinic acid thus formed as it easily lacto- 
nizes forming the original coumarin imleas the coumarinic acid clmngeH to 
o-eoumaric acid (vide Son and (chakra varti 3^). ( 'anter and Robertson have 
found out a couvenioiit method for distinguishing tiie coumarins by methylating 
the o-hydroxy-cinnamic a(jid, thus formed, and isolating o-methoxy-cinnarnic 
acid. This method has boon very helpful to distinguish a coumarin from an 
isomeric chromone. 


The reactivity of the 2-niethyl group in 2-methy]-{5liromoiies (r/. Heilbroii, 
Barnoa and Morton has been taken advantage of by Chakra varti to distin- 
guish the 2-methyl -chromones, whicli easily form styryl derivatives by conden- 
sation with aromatic aldehydes in the presence of alcoholic sodium ethoxido. 
The reactivity of the 2-methyl group is not in any way influenced by the pre- 
sence of a group in the benzene nucleus parti(‘ularly in position 7. Similarly 
the 2-ethyl-chromones have also been found to form styryl derivatives though 
rather slowly by Heilbron, Hey and Lowe, but in certain cases it has not l)een 
possible to prepare 2-8tyryl derivatives from authentic 2-cthyl-chromones 
(Chakravarti and Majumdar^s), 

Wittig developed a method for tlie separation of the coumarins from the 
chromones. This method is based on the fact that by the action of alcoholic 
sodium ethoxido on a oouraorin, the lactomc ring breaks up and the coumarin 
is regenerated on acidification, whereas in the case of a chromone, tlie pyrone 
ring opens with the formation of a diketone, which forms the chromone only on 
heating with sulphuric acid or acetic acid. Though this method has often been 
used (Heilbron, Hey and Lythgoe Chakravarti and Majumdar have come 
across uregularities in the course of this reaction. Some authentic 
coumarins, e.g. coumarin itsdf, on keeping overnight with alcoholic stxiium 
etboxide, give on acidification along with the original (joumarin a large 
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proportion (about 50%) of o-ooumaric acid. Again ohromones on treatment 
with alcoholic sodium oth oxide give in some instances the o-hydroxy -ketone 
by the further hydrolysis of the diketone formed 
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NEW SYNTHETICAL METHODS IN COUMARIN CHEMISTRY. 


By R. C. Shah. 

{Read at Symposiuniy September 26-27 y 193S,) 

A variety of eournarin derivatives have been synthesized by new methods 
develof>ed in these laboratories. A number of oouniarins, particailarly 5- 
hydroxyeoumarins, which an^ of synthetical importance and have been hitherto 
inaccessible or accessible only with great difficulty, are thus made readily 
available. 

Of the vniious synthetical methods available for the synthesis of'cou- 
maiins that of Pechmann and Duisberg (i?cr., 1883, 76‘, 2110), whidi consists 
in the condensatioji of s B-ketonic ester with a phenol, is one of the more 
important and has been most widely used. The principal condensing agents 
which have been hitherto used have been concentrated sulphuric acid (Pech- 
mann Reaction ; Bef\, 1883, /6\ 2119) and phosphoric anhydride (Bimonis 
Reaction; Ber., 1913, 46 y 2015), the product being either a eournarin or a 
chroraone or rarely a mixture of both, depending on tlie nature of the ester, 
the phenol, and the condensing agent. It is now generally acjcepted that inojc 
reactive phenols give coumarins with both the condensing agents, whereas 
less reactive j)henols, which either do not react at all or give only poor yields 
of coumarins in presence of sulphuric acid, tend to give chromones with phos- 
phoric anhydride (Chakrawarti, J. Ind. Cl^m. Soe,y 1932, 9, 31). A number 
of other condensing agents, like zinc chloride, hydrogen chloride, phospboryl 
chloride, phosphoric acid, and sodium ethoxido have been also occasionally 
used, with results of no particular interest, the same products as those with 
sulphuric acid being obtaine<l in varying yields (Naik, Desai and Desai, 
J. Ind. Chem. Soc.y 1929, d, 801; Chakravarti, ibid., 1935, 72, 636; Appel, 
J.GB.y 1935, 1031). Phospboryl chloride however promises to ho of interest 
as it can replace phosphoric oxide in some cases (C^loodall and Robertson, 
J.C.S.y 1936, 426) and has been found to be valuable for the condensation of 
polyhydroxy-phenolic ketones with B-kotonic esters (Desai and Hamid, Froc, 
Ind. Acxid. Sci.y 1937, 6, 185). 

The condensation of B-ketonio esters with phenols in the presence of 
anhydrous aluminium chloride, a now reagent for this purpose, has been studied 
in these laboratories for some time, and from the results obtained, which are 
tmique in some respects, it promises to be a valuable reagent. The condensa- 
tion is generally carried out in the presence of a solvent-ether in which 
aluminium chloride dissolves readily (Shah, Current Seiencey 1934, 157) or in 
nitrobenzene where elevated temperatures have to be used. 
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1. Simple phenols* — The eame products are obtained as with sulphuric 
acid, in some cases with higher yields. In no cose has a chromone been 
obtained. The reagent is of particular value in the case of the little re- 
active monohydrio phenols. Phenol uniformly gives a yield of 30-40% of 
4-methylooumarin, the lecorded yield in literature using sulphuric acid being 
only 3% (Sethna, Shah and Shah, Current Science, 1937, <?, 93), 0-orosol, 
which does not condense using sulphuric acid, readily condenses with ethyl 
acetoacctate giving 4 : 8- di methyl- coumarin. 

2. Phenolic esters, — Methyl B-resorcylate condenses with ethyl aoeto- 
acetate in the presence of sulphuric acid giving methyl 7-hydroxy-4-methyI- 
coumarin-6-carboxylate (8hah ei al, J, Ind. Chem. Soc,, 1937, 12, 717). The 
same condensation in the presence of aluminium chloride affords mainly 
methyl 6-hydroxy4-methyJ-coumarin-6-carboxylate, from which by hydrolysis 
and subsequent decarboxylation, 4-methyl-5-hydroxy-eoumarin is readily 
obtained (Sethna, Shah and Shah, J.C*S,, 1938, 228). Limaye previously 
obtained 4-methyl-5"hydroxy coumarin in a minute yield as a bye -product 
in the Kostanecki acetylation of 2-acetylresoroinol, the main product being 
6-hydroxy- 2 -methyl-chromone (Limaye and KeUtar, Rasayanam, 1936, 46). 
Methyl 2 : 4-dihydroxy- 6-ethyl- benzoate similarly gives methyl 6-hydroxy4- 
methyl- 8-ethyl- coumarin -6- carboxy late from which 6-hydroxy-4-methyl-8- 
ethyl coumarin has been obtained (Sethna and Shah, J.C*8., 1938, 1066). 
The work is . being extended to a-chloro, and a-alkyl-> acetoaoetio esters, and 
benzoylacetic and acetone dioarboxylic esters on the one band, and other 
phenolic esters on the other. 
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3. Phenolic ketones . — Rosaoetophenone does not condense with ethyl- 
aceto-aoetate in the presence of sulphuric acid or sodium ethoxide contrary to 
the statement of Aggrawal and Dutt (J. Ind. Chem. Soc., 1937, 14, 109). 
The condensation takes place readily in the presence of aluminium chloride, 
the product obtained in high yield being proved to have the constitution of 
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5-hydroxy-4-mothyI-6-aoetyl ooumarin (Sethna, Shah and Shah, loc. cit.). 
Orsacetophenone and 2: 4-dih3^droxy-benzophenoiie react similarly giving the 
corresponding 6-hydroxy- coumarin derivatives, 5-hydroxy -(i-acotyl-4 : 7- 
dimethyl-conmarin and 6-hydroxy-6-benzoyi-4-methyl-conmarin respectively. 
Phloracetophenone gives an acetyl coumarin, which may have the constitution 
of 6:7-dihydroxy-4-mothyl-6-aoetyl-ooumarin or 6: 7-dihydroxy-4-mothyl-S- 
acetyl-coumarin ; the latter constitution is more likely as it can he completely 
methylated easily. 2- Acetyl resorcinol gives 7-hydroxy -8-acetyl-coumarin in 
better yield than with sulphuric acid. O-hydroxy-acetophenone, quinaeeto- 
phenone and gallacetophenone do not react (N. M. Shah and R. C. Shah, 
J.a,8. 11139, 1424.) 

In this connection it is worthy of note that although resaco to phenone docs 
not condense with B-ketonic esters in the presence of sulphuric acid, Desai 
and Hamid (/or. ciL) find that the condensation takes place readily in the pre- 
sence of phosphory] chloride, the products being 7-hydroxy-O-acetyl-couinavinB. 

Thus the main points of interest with regard i o the use of the new reagent 
are: (1) With leas reactive phenols like monohydric phenols, aluminium chloride 
is a much more efficient condensing agent than sulphuric acid. (2) With 
phenolic esters and phenolic ketones, 6-hydroxy coumarin derivatives, which 
are otherwise difficultly accessible, are easily obtained, the other condensing 
agents like sulphuric acid or phosphoiyl chloride giving 7-hydroxy-coumarin 
derivatives. 
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The Qsttemami reaction on phenolic esters has provided another route 
to. interesting coumarin derivatives. Methyl B-resorcylate does not undergo 
the Gattermann reaction under the usual conditions, but under the modified 
oonditionB of Shah and Laiwalla (in the presence of aluminium chloride dissolved 
in dry ether), formylation smoothly takes place with the formation of the 
Y'tesoroylaldehyde derivative, methyl 2 : 4-dihydroxy-3-fonnyl benzoate (I), 
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th« aldehyde group entering the usually inaccessible Y-position in the resorcinol 
nucleus (Shah and Laiwalla, CurreM Science,, 1936, 5, 197 ; J.C.S., 1939, 1828). 
The aldehyde ester (1) has betm found to be a suitable intermediate for 
synthesis of several coumarin derivatives, through the Knoevenagol conden- 
sation with ethyl malonato, ethyl-aceto-acetate and cyanacetic acid. 

The most interesting application of this method is the synthesis of the 
hitherto unknown 6-hydroxy coumarin. 6-hydroxy-4-methyl coumarins are 
now readily obtained by the aluminium chloride method of Setlma, Shah and 
Shah (he, cii.) but this method is obvious] y inappli(iable for the synthesis of 
6- hydroxy coumarin. This has been synthesixed from methyl -2 : 4-<lihydroxy- 
3-formyl-benzoate (1) ihrougii the stages motiiyl 4-mothoxy-2-hydroxy-3- 

formyl benzoate (11) rnalonic ester ethyl-6-methoxy-8-(;arbmethoxy-coumarin- 

— ► 

3-carboxylato (III) >-6-inethoxy-couinarin-3 : 8-dicarboxylio add 

(IV) >-6-mothoxy-ooumarin (V) >6-hydroxy coumarin (VI) 

(H. A. Shah and R. C. Shah. Current Science, 1038, 7, 107 ; J.C.S., 1939, 
1832). 
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The modified Gattermann reaction above descriljed is applicable also to poly- 
hydroxy-phenolic ketones. In the tiase of resaoetophenone, orsaoetophenone 
and 2 : 4-dihydroxy benzophenone, in which the 3, i.e., the Y-position is free, 
formylation occurs in the 3-po8ition (Shah and Shah, 1938, H2, 103). 

6-Hydroxy-oaumarin derivatives are obtainable from these 3-formyl-hydroxy, 
phenyl-ketones. Thus 2 : 4-dihydroxy-3-forrayl-acetophenouc by Knoevenagel 
condensation with malonic and aoeto acetic esters affords ethyl S-hydi'Oxy- 
6.aoetyl-coumarin-3-oarboxylate and 6-hydroxy-3 : 6*diaoetyl coumarin 
respectively. 7-Hydroxy. coumarin derivatives of the same type have 
been previously obtained by Weiss and Meroksammer 1928, 

115) and Weiss and Kratz (tW, 1929, 386) who prepaared 7-hydroxy-3: 
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6-diacetyl ooumarin and 7 -hydroxy«6-acetyl-ooumarin-3- carboxylic acid by 
condensing resacetophenone with ethyl ethoxy-methylene -acetoacetate and 
ethyl ethoxy-methylene-malonate respectively in the presence of sodium 
ethoxide, 

2- Acetyl resorcinol by the Gattermami reaction gives 2 : 4-dibydroxy- 
3-aootyl-benzaldehyde from which 7 -hydroxy -3 : 8-diac4?tyl coumarin and 7- 
hydroxy- 8 -acetyl- ooumarin -3- carboxylic acid have been prepared through the 
Knoevenagel reaction. 

The synthesis of these hydroxy -formyl- phenyl- ketones, a class of com- 
pounds hitherto unknown, opens up various possibilities for the synthesis of 
hetierocyclic compounds like furo-ohromones, coumarino-chromones, etc., which 
are being explored. 
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The two apparently unconnected types of reactions referred to above, viz. 
the condensation of phenolic esters and ketones with B-ketonio esters in the 
presence of aluminium chloride to give 5-hydroxy-coumarin derivatives and 
the mo<^ed Gattermann reaction on phenolic esters and ketones to give 
3-formyl derivatives, which have been serviceable for synthesis of some 5- 
hydroxy-ooumarins, liave a common theoretical basis. Both the phenomena, 
oondensation in the first case and substitution in the second case at the 3- or 
Y-position, are due ultimately to the reactivity in the 3-, i.c, the Y-position in 
the resorcinol nucleus. This can be satisfactorily explained on the view that 
this is due to the stabilization of one of the kekuie forms on account of chelation 
between the oarbmethoxy or the acetyl group and the ortho-hydroxyl group. 

The fixation of one of the kekuie forms in the benzene nucleus was first 
suggested by Mills and Nixon 1930, 2510) in the ease of compounds in 

which another ring is fused on to the benzene nuoleas. Baker 1934, 1684) 
has explained the formation of 2 : 4-diaoetyl-re8oroinol from 4-0-acetyl resor- 
cinol by assuming the stabilization of one of the kekuie forms by chelation 
between the acetyl and the hydroxyl groups. It may be noted that Baker 
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suggests that aluminium cliloride may prevent chelation, but the present experi- 
ments definitely show that aluminium chloride does not prevent ohelation, 
and may even promote it. Further; as no case of 3-Bubstitution in B-resor* 
cylic acid or its ester was previously known, it has hitherto appeared that the 
chelation between the carbmethoxy group and the ortho-hydroxyl group in 
methyl B-resoroylate does not lead to a stabilization of one of the kekule forms 
(Baker, loc, cit.). The work on methyl B-resorcylate above leferred to definitely 
points to tl\e stabilization of one of the kekule fonns tmder the experimental 
conditions. 


OH ^\0H OH "^NoH . 
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Shah, M.Sc., and (the late) Mr. M. C. Laiwalla, M.Sc., who are responsible 
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THE 8TRU(;TURE OF ROTTLERIN. PART TTT. 


By Kartak 8tnoh Narano, Jnankndra Nath Ray, PhJ).y D.Sc,, F.I.O, 

and Bharpttr SiNcm Roy, The University ^ Lahore. 

{Read at Symposium, Seplemhvr^ 20-27, 1938.) 

In Part 1 ^ wo deseribofl the mothylation of rottleriu in acetone solution 
with climetliyl sulphate and potassium bicarbonate. The molecular weight 
of the methyl other suggested -• ‘Hhat rottleriu is C27H2fl07. Since then 
we disco venid that the NgOg adduct of rottlorin methyl ether and the product 
of oxidation of the methyl ether with HgOo are better explained on the basis 
of C 33 H 3 oOg (5 OH groups). When tlie methyl ether of rottleriu (17 g.) is 
treated with sodium nitrite and acetic aci<l or butyric acid, an yield of 15*5 g, 
of the nitrosite is obtained. Therefore, it is clear that in the ni trosito formation 
the molecule neither breaks down nor does the acid participate in the reac- 
tion. In Part 1 we described a hydrolytic product (^’ 20 ^ 122^^4 tetrahydro 
rottleriu. Wo suggested that this product may be identical with the product 
doaoribed by Robt^rtson el al We have now methylated our product and find 
it to be identical with Robert^sorfs product. Robertson ei al have hydrolyzi^l 
this product and have isolated ^-phenyl propionic acid and the chroman (I). 
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On the basis of this observation, they have advanc^l the view tliat this sul)- 
stance tetrahydro. rottlerono has the structure (TI). We are unable to acwpt 
this structure on the following grounds : — 

(а) The dimethyl ether of tetrahydro rottlerone does not give any indica- 
tion of the formation of a pyrillium salt when saturated with hydrogen cldoiide 
in presence of salicylaldehyde in ether or acetic acid. 

(б) Rottlerone, the corresponding unsaturated compound, does not iso- 
merize to the related flavanone. 

Th^fore, we are of opinion that tetrahydro rottlerone is best represented 
by (III). We are engaged in finding support for this view. 


VQL. V--NO. t. 


[Published June 5th, 1930. 
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(c) We are engaged in applying the Allen -Robinson reaction on tetrahydro 
rottlerone with benzoic anhydride. Formula II should give a fiavone. 

Now as regards the other half of the rottlerin molecule, recently Brock - 
mann and Maier ^ have isolated by thermal decomposition of rottlerin in 
liigh vacuo at 180'^- 190” a yellowish sublimate wliioh they have identified as 
methyl phloracetophenone. Mainly based on this observation and the rot- 
tlorone work of liol^ertson, they have advanced a tentative structure for 
rottlerin. In our opinion the formation of methyl phloracetophenone suggests 
the existence of the residue (IV) attached to the rottlerone half of the molecule 

(iri). 



OH 

(IV) 


The formation of im nitroso derivative in our opinion involves the opening 
up of the chroman ring and relactonization, a new phenolic hydroxy laung 
generated in the process. 

Experimental. 

Tetrahydro rottlerone methyl ether (1 g.) (1 jnol.) (Robertson et ah, loc. 
cAt.), salicylaldehyde (1*25 mol.) in acetic acid (10 o.o.) or ether (50 c.c.) was 
saturated with hydrogen chloride in ice cold and left overnight. No indica- 
tions were obtained of the formation of a pyryllium salt. Similarly rottlerone 
(1 g.) in alcohol (20 c.c.) was boiled with dilute acids but the substance 
decomposed and no definite product could be isolated. 

Tetrahydro rotiUrom, 

A mixture of tetrahydro rottlerin (8*0 g.) in alcohol (400 c.c.), hydro- 
chloric acid (d. 1*14, 80 c.c.) and water (40 o.o.) was heated for 26 hrs. The 
solution was filtered hot and the insoluble powder thus obtained was crys- 
tallized from ethyl acetate; yield 3*2 gm. (For analytical data vide Narang, 
Ray and Roy ^). On mothylation it gave a methyl ether, m.p, 102° (of. 
Robertson et ah, loc, cit). 

Action of alkali on the nUroaite ; formation of iso nitrosite. 

The nitrosite described in earlier parts (2 g.) suspended in alcohol (16 c.c.) 
was treated with aqueous sodium hydroxide solution (10 c.c. of 33%). The 
mixture was warmed on the steam bath for 2 minutes and the alcohol removed 
in vacuo. The dark solution was diluted with water (80 o.c.) and extracted 
with ether. The aqueous portion on acidification with concentrated 
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hydroohlorio acid furaiahed a sticky yellow solid which crystallized from alcohol 
in yellow plates, ra.p. 153 ° ] yield 1*3 g. This substance gave a violet ferric 
reaction. Found C, 63*57 ; H, 5*98 ; N, 4*11 ; C 3 eH 4 oOuH 2 requires 0, 03-9 ; H, 
5-92; N, 4*14%. 

The foregoing uitrosito (1*0 g.) dissolved in methanol (10 o.o.) was methyl- 
ated with dimethyl sulphate (8 c.c.) and sodium hydroxide solution (26 c.c. 
of 30%). The temperature of the mixture was not allowed to rise. The 
sticky mass obtained by dilution with water (100 c.c.) was washed with water 
and finally crystallized from alcohol in bright yellow plates, m.p. 192®-193^; 
yield 0*6 g. Found C, 65*2; H, 6 02; N, 4*03; 037H420nN2 requires (■, 64*35; 
H, 6 09; N, 4*06%. C 88 H 44 ()nN 2 requires 0, 64*77; H, 6*25; N, 3*98%. 

Utofkbknckh. 

1 Narang, Ray and Roy» J. Vhem. JSoc., 1862, (1937). 

® Narang, Ray and Roy, Current Net.. 7, 333, (1938). 

* Narang, Ray and Roy, Chem, iwd,, (1938). 

♦ Rol)ort8on et «!., J. Chem. Boi\^ 748, (1937). 

^ Umokmaun and Maier, .4ami/ew, 154, (1938). 




SYNTHETICAL EXPERIMENTS IN THE FLAVONE AND 
ISOFLAVONE GROUPS. 

By K. VmKATAKAMAN, PhJ),, D.Sc,, DeparhneM of Chemical 

Technology t The University^ Bombay. 

{Read at Sy7nposium, September 26^27, 1938.) 

The wide occurrence of chroraone derivativeB in the roots, steniK, bark, 
fruits, flowers and loaves of plants and thoir intimate relationship to the 
anthocyan group constituting the rod, blue and purple pigments of liniits and 
flowers have stimulated wide interest in the chemical constitution of the 
naturally occurring reprosimtatives and methods for their synthesis. Their 
origin in plants is not known with (jertainty ; they may originate at the point 
of vegetation, but are more frequently formed in the older tissue and their 
occurrence and definite localization often clearly indicate tlie relationship of 
plants in particular families, genera and sf)ecies (Klein and Werner, Z. physiol, 
UAm., 3925, 143, 9). Their role in the plant economy is also somewhat 
uncertain; it has been suggested (Rouge, Bull. Soc. Bot. Genem^ 1921, 13, 38) 
that they take part in the process of assimilation by absorbing oxygon and 
transjiorting it away from the cell. According t^o Ruszuyak and Szent- 
Gyorgyi {Nature, 1936, 138, 27) this great group of vegetable dyes is allied to 
the vitamins, fulfilling an important function in plant and animal life. While 
flavones have been isolated from many plants of medicjinal value, such as 
Digitalis tha 2 )si, Oalycopteris floribunday Cmcuta rejlexa and Saponaria offi- 
cinalis y they do not apjjear to possess any pharmacologitjal properties of 
practical interest (cf. Mahal, Proc. Ind. Acad. Sc., 1937, 5, 186), 

The older methods, due largely to Kostanecki, for the synthesis of flavones 
and flavonols had certain limitations (Vonkataraman, J. Ind. Chem. Soc., 
Sir P. 0. Ray Commem. VoL, 1933, 28), which led Robinson to seek a reaction 
of wider utility (Allan and Robinson, J. Chem. Soc^., 1924, 125, 2193 et seqtta). 
The possibilities of an early observation of Tahara {Ber., 1892, 25, 1302) 
regarding the prolonged action of acetic anhydride on reeaoetophenone soon 
became apjiarent and a general synthesis of flavones and flavonols was deve- 
loped by Robinson, in which o-hydroxyaryl alkyl keftonea were heated with 
the appropriate acid anhydride and the sodium salt of the acid. Thus the 
interaction of benzoic anhydride and phloracetophonone and alkaline hydrolysis 
of the prodtiot yielded ohrysin, the colouring matter of poplar buds (Robinson 
and Venkataraman, J. Chem. Soc., 1926, 129, 2344). By the application of the 
Robixkson method in its simplest form or involving in addition metbylation 
or complete demethylation with hydriodic acid, the following naturally 
occurring flavones and flavonols have been synthesised: flavone (the parent 
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raemher of the series), chrysin, acaoetin, pratol, luteolin, galangin, kaempferol^ 
fbetin, quercetin, morin, robinetin, herbacotin, tangeritin, myricetin, gossy- 
petin and quercetagotin. 

The Bobinson reaction proceeded smoothly in the case of cu -substituted 
ketones derived from w-dihydric phenols, e.g. aj-methoxyi*esacetophonone and 
oj -in ethoxy pliloraoetoplienone, but although several naturally occurring and 
other flavones (unsubstituted in the 3 -position) have been successfully prepared 
by the Itobinson method, a can^ful study of the p^o(^ 08 S revealed complexities. 
Under the right conditions the chromone condensation is applicable not only 
to resacetophenone and its derivatives, but also to o-hydroxyaoetopheaono, 
2: 5-dihydroxyacetophenone, 1 -acetyl -2-naphthol and 2-acetyl-l-naphthol. It 
was fovmd, however, in the case of 2-acetyl-l-naphthol that the major product 
of the reaction was a 3-aroyl chromone and it has since been shown that such 
3-acylation is a source of confusion and experimental difficulty in carrying 
out the Robinson s^imthesis (J. Chem. Soc., 1931, 1165; 1933, 1074; Anderson, 
Canadian J. Research ^ 1932, 7, 285). The mechanism of the reaction and 
alternative procedures proeduding 3-acylation were therefore investigated. 
Failure to effect ring closure to the y-pyrone in o-acyl derivatives of o-hydroxy- 
ketones (e.g, in 2 -acetyl -1 -naphthyl benzoate and in 2-phenylacetyl-l-naphthyl 
benzoate in which the a» -phenyl might be expected to facilitate chromone 
formation) indicated that the commonly assumed mechanism of the reaction 
(ci’. Wittig, Baugort and Richter, Ann., 1925, 446, 155) needed experimental 
verification. At least one example, however, of direct dehydration of an 
o-lmnzoyloxyphenyl alkyl ketone to the chromone is available in the conversion 
of a>-2: 4: 6-totrabenzoyloxyacetophenone to galangin tribenzuato by means 
of boding alcoholic potassium acetate (Chavan and Bobinson, J, Chem. Soc., 
1933, 368). 

The action of an acid anhydride and the sodium salt of an acid on a 
phenolic ketone may lead to the acyl derivative of the ketone, a chromone, 
a 3-a(iylated chromone, or a coumarin. The reaction could be limited to the 
formation of the o-acyl derivative of the ketone by brief heating, preferably 
in the absence of the sodium salt and the presence of pyridine. The course 
of the reaction with regard to the other three alternatives is dependent both 
on the nature of the ketone and of the acid anhydride. An -substituent is 
an aid to chromone formation, which also takes place more readily in the naph- 
thalene than in the benzene series. With an o-hydroxyoryl methyl ketone, 
the deciding factor is essentially the acid anhydride. The anhydride of an 
acid such as phenylaoetio acid containing a reactive methylene group yields 
the coumarin always, (kiumarin formation being precluded in the case of 
aromatic acid anhydrides, flavones and 3-aroyl flavones are formed. The 
interaction of aliphatic acid anhydrides with o-hydroxyoryl methyl ketones 
is of a complicated character and both ooumarins and ohromones (inoluding 
3-acyl ohromones) are producible. 
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So far as the action of aromatic acid anhydrides on o-hydroxyaryl methyl 
ketones is concerned, the mechanism of ohromone synthesis has been demons- 
trated by Baker (J. Chsm. Soc., 1933, 1381) as involving the intermediate 
formation of a dibenzoylmethane. While Baker achieved the transformation 
of o-acyloxyacetopheiiones to the dibenzoylmethanes by means of potassium 
carbonate in toluene at 100", the tautomerisation of 2-acotyl-l -naphthyl l>en* 
zoate in ether solution to ii>-benzoyl-2-acetyl-l-naphthol by means of sodamide 
at room temperature was observed simultaneously in Lahore (Mahal and 
Venkataraman, Current Science^ 1933, 4, 214; J. Chem. 8oc.^ 1934, 1767). 
As the diketone could be cyclioised to the ilavone also at room temperature, 
the process was of interest from the point of view of the phytochemical syn- 
thesis of ilavones and flavono glj^kosides. Other observations relating to the 
reaction mechanism were the isolation of a 2 -hydroxy -naphthaflavanone, a 
tyjH) postulated by Baker as an intermediate stage in the conversion of his 
diketoiios into flavones, from the products of the interaction of 2-bcnzylaceiyl- 
l-naphthol with eth^d formate and sodium (Cheoma and Venkataraman, 
J. Chem. Hoc., 1932, 918); and the thermal transformation (by distillation in 
liigh vacuum) of a>-methoxyresacett)phenone dibenzoate to a mixture of the 
diketone (1) and the llavono (11) (Mahal, Ph.l). thesis, Parijab University, 


1936). 
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Modifying the original Kobinson method by using benzdyloxy or benzyloxy- 
derivatives in the ketone or acid anhydride parts of the reaction mixture and 
taking advantage of the more facile removal of the benzoyl and benzyl groups 
in comparison with methyl ethers, partially methylated polyhydroxyflavones 
— kfiBmpferide, syringetin, diosmetin, tricin — ^have been prepared (Heap and 
Bobinson, J. Chmi.. Hoc., 1926, 2336; 1929, 68; Loveoy, Kobinson and 
Sugasawa, J . Chem. Hoc. 1930, 817; Gulati and Venkataraman, J, Chem>. Hoc., 
1933, 942). 

Selenium dioxide is a specific oxidising agent for the conversion of me- 
thylene to carbonyl (Muller, Ber., 1933, 66, 1668; Evans, Eidgeonand Sxmonsen, 
J. CheW'. Hoc., 1934, 137), but when 2: 3-dibydro-a-naphthaflavone in xylene 
was heated with selenium dioxide, the product was the naphthaflavone and 
not the naphthoflavonol, o-Hydroxychalkonos may thus be directly oxidised 
to flavones (Mahal, Kai and Venkataraman, J. Chem. Hoc., 1935, 860). 7- 

Methoxy-4'-hydroxyflavone was synthesised in this manner from 2-hydroxy. 
4.methoxyphenyl 4'.benxyloxystyryl ketone, followed by debenzylation, and 
found to be different from a hydroxymethoxyflavone isolated by Adrian and 
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Trillttt (6Wj>. rend., 1H90, 129 , SHU) from a 8i)ecieg of Digitalis. In view of 
the smooth dehydrogenation of ohalkones and flavanones to flavonee, tho 
utility of selenium dioxide for the dehydrogenation of hydroaromatic to aro- 
matic compounds has been examined; by heating totrahydronaphthaleue with 
aelonium oxide at 100" for 24 hours a 30% yield of naphthalene was obtainable 
(Mahal, loc cU.). 

Algar and Flynn (Froc. Royal Irish Acad., 1934, Series B, 42, separate 
issue) have uctromplished tho synthesis of flavonols from chalkones by oxidation 
with alkaline hydrogen peroxide. Attempting to utilise this reaction for the 
synthesis of kicmpferol 7-methyl ether (111), a substance of interest with 
regard to the structure of rhamnocitrin (Oosch and l^erkin, J . Chem. 8oc., 
1914, 105 , 2332), 2-hydroxy-4: 6-diraethoxyphonyl 4-benzyioxystyTyl ketone 
(IV) was treated with alkaline hydrogen peroxide under a variety of conditions, 
but the flavoriol (V), which could then be debenzylated and partially deme- 
thylated to (III), was not obtained, the pale yellow noodles, m.p. 198", 
exhibiting the properties of a fliavanone. 


0 



MeO CO 

(V) 


The 5-hydroxyl in a flavono is analogous to tho o-hydroxyl of a ketone, 
chelation l)eing possible in both cases ; inethylation can only bo effected under 
special conditions and the methyl ether is more readily demethylated than 
methoxyls in other positions. Such partial demethylation of polymethoxy- 
flavones to the 5-hydroxy derivatives can bo carried out with aliimimum cldo- 
ride, a process which has proved useful for the synthesis of partially methylated 
polyhydroxyflavones. Genkwanin (VI) and wogonin (Vll) have thus 



(VI) (VH) 
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been synthesisod (Mahal and Venkataraman, J. Clitm. Soc.j 1936, 569; Mehta, 
Shah and Wheeler, in print) ^ and the reaction haH thrown light on the con- 
stitution of calycopterin, although further work has shown that the suggested 
structure (Midial and Venkataraman, Current Science. y 1935, 311) must be 
confirmed by additional evidence, whicli is now being sought. While the 
synthesis of 5; 7 : 2' : 4'-tetrahydroxyllavone (Robinson and Venkataraman, 
J. Chem. Soc.y 19211, 66; cf. Cullinane, Algar and Ryan, Proc, Royal Soc. 
Ihiblin, 1928, 19, 77) loaves little doubt regarding its non-ident>ity with loto- 
flavin (Duns tan and Henry, Phil, T'ranft,^ 1901, 194 , 515), the properties of 
lotollavin tri methyl etlier, which crystallised in dimorphic forms with different 
melting points, were more f;haraeteri.stio than those of lotoflavin. It would, 
therefore, l)e desirable to synthesise 5-hydroxy-7: 2': 4'-trimethoxyflavone, lor 
comparison vitb lotoflavin trimethyl ether, by the controlled demethylation 
with aluminium chloride of the tetrarnethyl ether, winch may be conveniently 
prepared by the selenium dioxide oxidation of 2 -hydroxy -4 : 6-dimethoxyphenyl 
2 : 4-dimothoxystyryl ketone. 

The S-methoxyl group in a flavont^ is also sensitive to hydrolysis l)y 
aluminium chloride, and this may be utilised for the prepara tion of methoxy- 
flavonols, the following being feasible schemes for the synthesis of rhamnotin 
(VIII) and rhamnazin (IX): 
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The reactivity of plant dyestuffs derivetl from I’esorcinol and phioro- 
gluoinol towards diazo salts has been studied by Perkin (J. Chem. Soc^,, 1895, 
67, 933), who used it for characterising such phenolic coloixring matters. 
While Perkin found that chrysin, apigenin, euxanthone and catechin all gave 
dis-azo dyes, the coupling of fi-hydroxyflavoue with diazotised p-nitraniline 
yields a wono-azo dye, whieb in consideration of the fixation of the double 
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bonds in the fused l)onzenft ring of the chromone nucleus may be assumed to 
have the structure (X) (Mahal and Venkataraman, CurreM Science, 19t38, 6, 
450). A rout(i to the synthesis of 
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HO 






CPh 
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primotin (Xl) then becomes possible. The coupling of chrysin or its 74)e>rizy] 
ether with a diazo salt of low coupling energy might lead to the 8-mo^M>-azo dye, 
a reaction of poteen tial value for the transformation of 5; 7-dihydroxyliavones 
into the 5 : 7 : 8-trihydroxy derivatives (e.g. chrysin-^ norwogonin; T-benzyl 
chrysin^^wogonin; quercetin ~>gossypetin). Likewise the coupling of 5- or 
8-hydroxyflavones with a suitable diazo salt may be utilised for the synthesis 
of the 5: 8 -dihydroxy derivatives. Such an orientation of hydroxyls has been 
suggested for the colouring matter of Gingko biloba (Furukawa, Sci, Papers 
Inst. Phys, Chem. Res., Tokyo, 1933, 21, 278), 

Nierenstein’s conversion of quercetin to gossypetin has been unconfirmed 
(Baker, Nodzu and Robinson, J, Chem. Soc., 1930, 922) and norwogonin 
(Hattori, Acta Phyfochim., 1932, 6, 183) bore no resemblance to NiorensteiiPs 
H-bydroxyohrysin (Ber., 1912, 45, 400). Attempts in this laboratory to oxidise 
chrysin by means of chromic anhydride and with other oxidising agents (nitric 
acid, potassium persulphate, selenium dioxide) did not load to any homo- 
geneous material other than the starting substance. Oxidation of 5 -hydroxy- 
fi-lwnzyl-7-bonzyloxyfiavone also gave negative results. The ready oxidisa- 
bility of pyrogallol trimethyi ether to 2: 6-dimethoxyquinono suggested that 
oxidation of 7 : 8 -dihydroxy flavone might yield norwogonin, but numerous 
attempts to oxidise this flavone, as well as its dimethyl and dihenzyl others, 
have been fruitless; further experiments on these lines are, however, indicated. 

While flavones have been extensively studied since 1873, our knowledge 
of the isoflavone group is much more recent. The first natural product to be 
recognised as an tsoflavone was prunetin (Finnemore, Phatm,, J., 1910, 31, 
1761); Baker and Robinson [J. Chem. Soc., 1926, 127, 2713) demonstrated the 
identity of demethyl prunetin or 5:7: 4' -trihydroxy wofiavone with gonistein, 
the colouring matter of dyer’s broom* Since then several other woflavones 
have been isolated from plants. The first synthesis of an t^oflavone was 
carried out by Baker and Robinson (J. Ohem. Soc., 1925, 127, 1981) by the 
oxidation of 7-methoxy-2-8tyryl-3-phenylchromone to the 2-carboxylio acid, 
which was deoarboxylated to 7-methoxyi«oflavono. Gonistein and daidzein 



IN THE FL/VVONE AND ISOFliAVONK aEOUTS. 


259 


were lator synthesised similarly, hut in the oEse of irigenol (5; 6: 7: 2': 4': 5'- 
hexahydroxyj^oflavone) the oxidation of the 2-styryI derivative of the hexa- 
methyl ether proved impracticable (Baker and Robinson, J. Chem. 1929, 
135 , 152), Baker, Pollard and Robinson (J. CJmn. Soc., 1929, 135 , 1498) 
develo|>ed a second synthesis of ?'«oflavonea involving a Hoesoh reaction on the 
cyanhydrin of an w-phonoxyacetophenone, which was applied by Spath and 
Lederer {Ber., 1930, 63 , 743) to t/^-haptigonin, but was inadequate for other 
syntheses in the field (Baker, Morgan and Robinson, J. Ch^m. 1933, 143 , 
374). The third synthesis, due to Hpath and Lederer, consisted in heating 
derivatives of 2 -hydroxy phenyl benzyl ketone with ethyl formate and sodium 
in a sealed tube, followed by treatment of the reaction mixture with boiling 
alcohol and fuming hydrochloric acid in order to effect cyolisation of the oxy- 
mothylene compound (XTT), assumed to be an intermediate product, to the 
isoflavone (XllT). 
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By sublimation in high vacuum, poor yields of the woHavones (i/>d)aptigeniu, 
daidzein and formononetiu) were obtained (Spath and Lederer, /oc. ciL, Wossely, 
Kornfeld and I.echner, Bcr., 1933, 66, 6K5). The action of sodium on an iee- 
cooled solution of o- hydroxy phenyl benzyl ketones in ethyl formate pmceeds, 
however, in one stage to the ^oflavone (Joshi and Voulmtaraman, J. Chem. 
Soc.^ 1934, 513) ; a series of woflavonos — f,voflavoiie, the parent member, 7- 
hydroxywofiavone, a- and /S-naphthai/foflavone, formonouctin, daidzein and 
i^-lmptigenin — have thus been s 3 rnthesised with simplicity and in oxcoUent 
yields; and the method should also bo applicable to irigenol along obvious 
lines. 

Some negative experiments in the tsoflavone group may be recorded. The 
action of trichloracetic anhydride and potassium trichloracetatt^ on 2 -phenyl- 
acetyl- l-naphthpl gave a substance, which had the qualitative proi)erties of 
2-trichIormethyI-3-phenyM : 4-a-naphthapyrone (XIV), but it could not be 
crystallised and hydrolysis to the 2-carboxylic acid and decarboxylation to the 
naphthawoflavone were not accomplished. 

2 : 4-Dinitrobrombenzene condensed with a-formyiphenylaoetonitrilo in 
pyridine solution to give 2: 4-dinitrGphenoxymethyIene benzyl cyanide (XV). 
Saturation of an ethereal solution of (XV) with hydrogen chloride gave a sub- 
stance, m.p. 188®, which was not the dimtroisofiavone (XVI); nor was it the 
pyronedmide (XVII), 
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being unaffected by boiling eoncontratod hydrochloric* acud and, Hyrupy 
phosphoric acid. Similarly to (XV). the dinitrophenoxy methylene phenyl - 
acetic ester (XVJIl) was prepared; attempts to effect ring closure to (XVI) 
wore unsuccessful. 
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Condensing 2; ^-dinitrobrombeiiKone with l)eni5oylacetonitrile in presence 
of sodium ethylate, two substances, the (7-phenyl and the fZ-phenyl derivatives 
(XIX) and (XX), were isolated. Treatment of (XIX) with hydrogen chloride 
in ether yielded the unconverted substance or uncrystallisable materiah 

In the Baker-Robinson method for the synthesis of isoflavones by the 
oxidation of their 2-styryl derivatives, the possibility of the use of the dinitro- 
styryl compound (XXI) leading to more facile oxidation could not be exa- 
mined, mnci^ 2: 4-dinitrol)enzaldehyde did not condense with 2-methyb3- 
phenyl -1 : 4-a-naphthapyrone, which reacts readily with benzaldehyde, anis- 
aldehyde and veratraldehyde (Cheema, Guiati and Venkatararaan, J. Chem. 

1032, 026). 

/ff-Naphthol condenses with ethyl acetoacetate to give a chromone (Dey 
and Ijakshminarayanan, J. Indian €hem, 1932, 9, 153), but the a-pyrone 
was obtained in the case of a-formylphenylacretic ester. 



THE (X)L0UB1N(4 MATTER OF THE YELLOW FLOWERS OF 
THEVETIA EEHIFOLIA (APOCYANAOEAE). 


By K, i>. DKSjAt, St. Xaviers College.^ Bombay, and /AFViKUi>i>TN Ahmad, 
Muslim University, Aligarh. 

[Read at Symposium, September 26-27, 193S.) 

The yellow flowers of Ther^etia Nerifoliu, commonly known as the yellow 
oleander in English, Pili Kaner in Hindi and Pili Karan in (Injarati, have not 
been examined for their colouring matter. The systematic examination which 
we have undertaken has not reached the stage of completion, but as the 
resumption of the work in the near future has been delayed, we have thought it 
advisable to publish the results obtained by us so far. 

The alcoholic extract of the dried flowers gave two colouring matters which 
were present as gluoosidos, but as it was not possible to isolate the glucosid(^s 
themselves, we obtained the colouring matters by hydrolysing them with 10 
per cent sulphuric acid. The first colouring matter, obtained in very small 
amounts, did not melt up to 300 and was an amoi phous bi^own powder, soluble 
in alkali and alkaline carbonates with a red colour. Its solutioji in concentrated 
sulphuric acid gave dark greenish fluorescence, and did not give positive (colour 
tests for the flavono group. As it was not obtained in a snflicient amount, 
its further investigation was not proceeded with. 

The second colouring matter crystallised from alcohol in small, yellow 
needles melting at 200'^ and its alcoholic solution gave immediately a pink 
colour with magnesium and hydrocidoric acid. Its yellow, alkaline solution 
was decolourised by air, hence it was a flavanol derivative with a free hydroxyl 
group in 3 position. It dissolved in concentrated sulphuric acid giving a pale- 
yellow solution with an intense green fluorescence. Its alcoholic solution 
gave a greenish-black coloration with ferric chloride. It gave a tetra-aeetyl 
derivative, contained one mothoxyl group and, on demethylation, gave quer- 
cetin. Therefore, it was a mono-methyl ether of quercetin, but did not corres- 
pond with either rhamnetin (1) or isorhamnetin (II) in properties. Therefore, 
it is assumed that it may bo tlie 4' -methyl ether (III) of quercetin, and we 
intend to synthesise it by condensing w-benzyloxyphioraceto phenone with 
isovanillio anhydride by the AUan-Bobinson method. 
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ExFJSBmfiNTAL. 

The dried fiowora (5(K) g.) were thrice extracted with I'ectilied spirit by 
refluxing on water- bath for 8 to 10 hours. After the removal of alcohol under 
reduced pressure, the dried residue was reflu xetl with petrol (b.p. 40-00°) 
which removed a considerable amount of a yellow, neutral material which has 
not yet been exajnined. As the petrol -insoluble residue did not show any 
tendency to crystallise from the usual organic solvents, its aqueous solution 
was alternately treated with load acetate and basic lead acetate. Both the 
precipitates were separately suspended in water and decomposed with hydro- 
gen sulphide. As the lead-acetate precipitate contained mostly the tannins 
and the phlobaphenes, it was not further examined. After the removal of lead 
sulphide, the aqueous filtrate from the basic lead-acetate precipitate was 
concentrated under vacuum, and boiled for 15 minutes after the addition of 10 
per cent sulphuric acid (25 c.o,). The copious, yeUowish brown precipitate 
was collected, dried and purified. (Yield 2 gins.) The aqueous filtrate 
reduced Felding's solution at once showing the presence of a reducing sugar. 

The crude colouring matter (m.p. 180-210'’) was treated with rectified 
spirit which dissolved most of the substance leaving a small residue which did 
not melt up to 3(K)°. Its properties have already been described in the intro- 
ductory portion. The alcohol-soluble portion after several rocrystallisations 
from the same solvent crystallised in small, yellow needles melting at 260'’. 
(Found 0, 04*6; H, 4-1; OMe, 9*4. requires C. 64*9; H, 4 0; 

OCHa, 0*8 per cent.) 

The l^etra-acetyl derivative was obtained by heating the substance (0*2 g.) 
witli acetic anhydride (5 c.c.) and anliydrous sodium acetate (1 g.) for three 
hours on the sand-bath and crystallised from alcohol in pale-yellow needles 
melting at 165°. (Found C, 59*2; H, 4*3. C 24 HaoOii requires C, 59*5; H, 4*1 
per cent.) 

Demdhylation to Querceiin. A mixture of the substance (0*5 g.), glacial 
acetic acid (10 c.c.) and hydriodio acid (5 c.o. d =* 1*84) was heated for tlrree 
hours on sand-bath, and poured into a large quantity of water. The floooulent 
precipitate that came out slowly was gathered and crystallised from alcohol. 
It was identified os quercetin by comparing it with an authentic specimen, 
kindly supplied by T>r. 8. B. Dutt of Allahabad to whom our thanks ore due. 



THE CONSTITUTION OF OROXYLIN-A. PART II. ATTEMHIED 
SYNTHESIS OF OROXYLIN-A AND THE SYNTHESIS OF 

WOGONIN. 

By R. C. Shah, Ismail College, C. R. Mehta, ^Setk 0, S. Medical College and 
T. 8 . Wheeler, Ph.D., D.Sc., FJ.C., Royal ImtMuie of Science^ Bombay. 


{Rmd at Sympanam, September 26-27, 1938.) 

Atlempted syniheMS of Oroxylin-A. In an attempt to synthesiHt^ (I), 2: 5- 
dimethoxyreBoroinol was converted into 2: 4-dihydroxy-3: tt-dimothoxy-aceto- 
phenone (II; Wessely and Moser, Monaisch., J930, 56, 97), which was fused 
with benxoic anhydride and sodium benzoat^i; since the prodaci (in.p. 287- 
288°) was a hydroxydimethoxy- and not a dihydroxymethoxy flavone, it 
must be 7-hydroxy-5 : 8-dimethoxyflavone (III) and not (I; m.p, 231-232°). 
This is confirmed by the fact that on methyl ation (III) gave a trimetlioxy- 
flavone (m.p. 167-168°), which is not (mixed m.p. (comparison with oroxylin- 
A dimethyl ether) 6: 6; 7-triinethoxyfiavone (m.p. 103-164°; Hattori, Acta 
Phytochim.t 1930, 5, 99) but corresponds (mixed m.p.) to 6: 7: 8-trimethoxy- 
flavone (IV ; m.p. 167-168°; Hattori, loc. cit.) obtained for purpose of comparison 
by methylation of authentic wogonin (VII). 

Anisoylation of (II) has lieen studied by Wessely and Moser (loc. ri/.), 
who report the unexpected formation of 5 : 7-dihydroxy-6 : 4'-diniethoxyflavone 
and this result has been confirmed by Wessely and Kallab {Monatsch., 1932, 
60, 26). Furukawa and Taraaki [Bull. Inst. Phys. Client. Re^eurch (Tokyo), 
1931, 10, 732; cf., Hattori, Acia Phytochim., he. cii., and 1931, 5, 219], however, 
claim that anisoyiation proceeds normally to give 7-hydroxy-6: 8 : 4'-trimethoxy- 
flavone. Baker et al. (he. cit.) and Goldsworthy and Robinson (J.C.S., 
1938, 66), who have studied respectively the veratroylation and anisoylation 
of the w-methoxy-derivative of (II), also obtained 5:7: H-dcrivatives. 

Demethylation of O-cUkyUUed 6:7: H4rihydroxyfiavone«. Demethylatiou 
of (III) by hydriodic acid proceeded abnormally, the product (m.p. 265-266°) 
isolated pure in moderate yield being 5:6: 7-trihydroxyflavone (V ; mixed 
m.p. comparison and oharacteristic bak^aleiii alkali colour reaction) instead 
of the expected 6: 7: 8-derivative (VI). Rearrangement of a 6:7:8- to a 
6: 6: 7-trihydroxyflavone during hydriodic acid demethylation has been 
observed previously by Wessely and Moser (loc. cit. cf. Furukawa quoted by 
Hattori^ Acta Ph^^ochim., 1931, S, 225) who obtained 5: 6: 7: 4'-totrabydroxy- 
fiavone (soutellarein) from 7-hydroxy-5: 8: 4'-trimethoxyflavone. Normal de- 
methylation to gossypetin has, however, been obtained by Baker el al. (he. dt.) 
with 7-hy<ipoxy-3;5;8:3':4'-pentamethoxyflavone; by Hattori (Acia Phyla- 
ehm., 1930, 5, 99) with wogonin (VII; 6: 7-dihydroxy-8-methoxyflavone) and 
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6: 7: 8-trimethoxyflavone, and {loc. cit., 1931, S, 219) with 7 : 8-<limethoxy- 
5-othoxyflavoue; by Furukawa and Tamaki {loc, cit.) with 7-hydroxy-5: 8: 4'- 
trimothoxyflavone and by Goldsworthy and Robinson (loc, cit.) with 7-hydroxy- 
3: 5; 8: 4'-totramethoxyflavoae» On the other hand Wessely and Kallab 
(foe. cit,) in a re -examination of the pi-evious work of Wessely and Moser (foe. 
cit,) claim that contrary to the results of Hattori (^cjfa Phytochim,^ 1031, 5, 
210), I’earrangement to scutollaroin occurs on domethylation of 5: 7:8:4'- 
t(itramcthoxyllavone with hydriodic acid. Further evidence on this point 
is afforded by the foilowiiig observations: — ^I>einethylation of (111) by means 
of anhydrous aluminium chloride (1-3 mols.) gave a trihydroxyffavone (m.p. 
250-26 F") which gave an alkali colour reaction distinct from that of baicalein; 
it dissolved in dilute alkali with a scarlet colour, which rapidly changed through 
green to yellow with a tinge of green, without separation of gnmx flocks. It 
cannot, therefore, Ix^ baicalein and this view was confirmed by a mixed m.p. 
comparison which was depressed; it can only be 6: 7: 8-trihydroxyflavonc (VI). 
Hattori’s product (AcUi PhytocMrn., 1930, 6, 99 and he. cit.; cf. Nierenst^ein, 
idem, 1932, 6, 173; Hattori, idem, 176), on the other hand, which w as obtained 
by the action of hydriodic acid on wogoniii, 6:7: 8-trimethoxyflavone, 7: 8- 
dimethoxy-6-ethoxyflavone and 2: 3: 4: fl-tetramethoxy-dibenzoylmethane, 
had m.j). 226-227^, and was regarded by him as 6: 7 : 8-trihydroxyflavoue, 
although only acetyl derivatives were analysed. 

A re-examination of the hydriodic acid demothylation of natural wogonin 
(VII) gave a product with m.p. 247-248'^, depressed by admixture with (VI; 
m.p. 250-25F) but not depressed by addition of baicalein (m.p. 264^), Further, 
this new product gave the characteristic alkali colour reaction for baicalein. 
Hattori reports for liis product (m.p. 226-227®) an alkali colour reaction similar 
to that given by baicalein (Acta Phytochim., 1936, 6, 109). It thus appears 
that Hattori *8 product was contaminated with baicalein and that pure 6:7: 8- 
trihydroxyftavone of m.p. 250-26F has been obtained for the first time in the 
course of this work. 

The disagreement among various workers in regard to the action of 
hydriodic acid on 0-alkyiatod 6:7: 8-trihydroxyflavones is probably due to the 
difficulty of isolation of pure j)roduct8 when dealing with small quantities of 
material. It is suggested that demethylation is accompanied by opening of the 
pyrone ring followed by ring-closure with formation ofa5:6:7-ora6:7: 8-tri- 
hydroxyflavones or a mixture of both. Of interest in this oomieotion is the fact 
that 2:3:4: G-tetra- and 2:3: 4: 6: 4'-pentamethoxydibea«oylmethanes give 
mixtures of 6: 6: 7- and 5: 7 : S-derivatives on treatment with hydriodic acid 
(Bargellini, Oazzetta, 1919, 49, ii, 47; Hattori, Acta Phytochim,, 1931, 6, 219). 

If these contentions are correct, then it is unsafe to assign a 6: 6:7- 
structure to an alkoxyflavone because it gives a 6; 6: 7-trihydroxyflavone on 
treatment with hydriodic acid, unless remethylation is carried out for the 
purpose of further comparison; aluminium chloride would appear to be a safer 
demethylating agent. In Part I (J.G.5., 1936, 691) emphasis was laid on the 
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fact that demethylation of oroxylin-A with hydriodic acid gave baicaleiii; we 
no longer regard thin evidence of strtieture as cogent, and prefer to base the 
constitution assigned to oroxylin-A on its colour reactions, and the (jorres- 
pondence of its 0-alkylated derivatives with those of baicalein. 

O 

HO ■ 

Meol Am 

\/' X/ 

HO CO 

(I) 



Syntheme of toogonin. Wogonin wliich has not previously himi Rynthe- 
sisod was isolated by Takahashi (Chem. Zent., 1889, II, 620) from the roots 
of ScMlelktria baicalensis Georgi. Its constitution was first investigated by 
Shibata, Iwata and Nakamura (Acta Phytochini., 1923, f, 105) and later by 
Hatton (AcAa Phyiochim^, 1930, 5, 99) who assigned to it the structure 5: 7- 
dihydroxy-8-methoxyflavono (1 H 2 O; VII). Partial demethylation of (III) 
was effected with aluminium chloride under mild conditions (tlulati and 
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Veiikatarainan, JXKS., 267) with production of a dihydroxymethoxy- 

flavonc, liaving tn.p. 2(M)-20!, not depressed by admixture with a sample of 
authentic natural wogonin to w'hioh it conesponded in analysis and properties. 
MetJiylation of the Hynthetic product with diaxomethanc gave 5- hydroxy- 7 : 8- 
dimothoxyHavono, and with dimethyl sulphate and alkali, 5 : 7 : 8-trimethoxy- 
davoiic^ {IV; idfUitioal with the rncthylation product of 111) with projmrtios in 
agreement with those described for these products by Hattori (k>c. cit,). 

(IT) was partially deinethylated with aluminium chlc»ride to a mono- 
mo thoxy-ke tone whicih is presumably the iretol derivative 2:4: 6-trihydroxy 
il-methoxyacei/ophcnone (VlII), the 5-methoxy-group being, it is assumed, 
|)referentially attacked. This ketone was benzoylated by the fusion method 
in the hope of obtaining (1) but no definite product could be isolated. 



SYNTHESIS OF SOME NATURALLY-OCCURRINO FLA\^ONES 
FROM CHALKONES. 

By T. S. Whkkler, Ph.D.^ D,Sc>y F.N.L, Royal InstHvi^. t*f Sc^encp, 

Bombay, and Collaborator h. 


(Read ai Sym 2 >osmnt, September, 20^27, 10SH.) 


Iotrodttction. 

The flavones, as is well known, form a group of naturally-occurring 
chemical conij)ound8 widely distributed in the plant world. For some time 
past this laboratory has been engaged in a study of the prfKluctiou of tlavones 
from chalkones. The first synthesis of flavones in this way was acc^omplished 
by heating the dibromides of certain o-acetoxyehalkones with alcohf)li(’ alkali 
(Emilewicz and Kostanecki, Ber., 1898, 31, OOfi). This synthesis was, however, 
found to be unreliable; in certain eases bcnzylidenecoumaranones (I) wetv 
obtained instead of the expe(;tod flavonos (IT). 




\co 


c 

/ 



'T I! 


(1) (11) 
Kostanecki and Tambor (Ber., 1899, 32, 2208) attributed the dual course 
of the reaction to variations in the ease of hydrolysis of the acetoxyl group : — 
OCO'CHa V yOH 


'^'''COCHBrOHBr<f 

^OOOOH. 
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X) CBr - CH 


and owing to the uncertainty of the course of the reaction, Kostanecki devoted 
himself to the development of other methods for the synthesis of flavones. 

Aiiwers and AnsohOtz (Ber., 1921, 54, 1543) showed that the above view 
needed modification, since non-ooetylated o-hydroxychalkone dibromides 
behaved similarly; they found that low temperatures favoured the production 
of a flavone from a chalkone dibromide but were unable to offer any explanation 
of the fact. 
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Ryan and Ryan (Proc. Roy. Irish. Acad., 1930, 39J9, 427) considered 
that tlio tyf)e of product dc[Mnwlpd on whi<;h bromine atom was the more 
Jabih;; this would lx- fliniiiMteii as hydrogen bromide btdbre the aeetoxy- 
grouj) was liydrolyaed : 


yOCOCtL, 


■> N-" 


,0r!0(M:, 


,OH 


\'OCHBrCHBr(^ 

V /OCOCH, 


cocBi = (;h<^ 
,,()H 


''COCH = (^Br. 


-Y 


/^H’OCBr = oh/ 
\_ 


(II) 


' (tOOH = OBr 


Tiiey do not Hoein to have boon awaro of the work of Auwc^rn and Anschutz on 
t he free h ydroxy - com po u n ds . 

(hillinano and Philpott (J.CaS,, 1920, 17(>J) pointed out that when 
(^lialkonew derived from phloroglucinol wore brominated, the bromine also 
enter^nl the phlorogliuanol nucleus, and miggosted that this bromine atom 
favoured tl)o production of benzyli<lenecouinaranones. 

Tlui object of the work outlined below was to find if possible the reason for 
the dual course of the reaction, and then so to modify the conditions of the 
reaction as to make it suitable for the synthesis of naturally -occurring 
flavones; apart from its uncertainty the reaction has advantages in that 
chalkones are, as a rule, easily obtained, and the flavones when produced are 
formed in satisfactory yield. 

Preliminary to the investigation, a survey of the literature showed that 
the chalkone dibromides which gave benzylidenecoumaranonos rather than 
flavones could be divided into two classes : — 

(a) Those derived from o-hydroxyphenyl p-alkoxystyryl ketones (III) 

such as : — 

OH 

'■ /\/ 

CO CH « ch/ Yoch, 

(III) 

(b) those derived from 2-hydroxy-4 : 0-dialkoxyphenyl styryl ketones 

(IV) such 08 : — 

^jYcO-CH . CH< ) (IV) 
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We will consider the two eases separately.i 

Chilkones dibromides derived from, o-hydroxy phenyl p~alhoxyslyrifl ketones. 
Nearly 40 years ago when Kostant‘cki M^as abandoning the ehalkone di bromide 
reaction for the synthcHis of flavoneH, Pond and Shoffstall (J. Amer, OJmn. 
8oc.y 19<X), 22, 058)s}iawed that one of the bromine atoniH in phenyl p-metlioxy- 
i^tyiyl ketone dihroinide 


I 

/bo C!HBr (’HBr/ ^OMo 


is labile and can be replaced by alkoxyl on boiling with an alcohol. They 
were incorrect in the view that it is the bromine nearer the keto-group which 
is r6j)laceable ; various rensons can 1 k^ addii(?e<l to show that it is the halogen 
atom next tlie aIkoxy{)henyl nucleus that is labile (J)odwadmath and Wheeler, 
Ind, Acad. Sci.j 1035, 2, 430), the simplest being that the nucleus (on- 
taining the activating alkoxy-g?‘ou]) may be expected to influence the nearer 
halogen atom. Nadkarni, Warriar and Wheeler (JXJ.S., 1937, 1798) showed 
that the production of benzylidenecoumaranones in phn^o of flavones from 
o-hydroxy- or o-acetoxy-aryl ;>-alkoxystyr yl k(‘tone di bromides depends on 
whether or no a )S-alkoxy -compound is formed. They found that o-acetoxy 
phenyl a/3-dibromo-^-3 : 4-inethylenedioxyphenylethyl lcetoT\e, 


/OCOCH. 


/\/ 


\ 

\ yOn. 
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>' 


gave 3' : 4'-methylenedioxyflavone : (a) on direct heating, (6) with hot 
pyridine, (c) with hot or cold aqueous sodium hydroxide containing acet{)ne, 
and (d) with cold aqueous alcoholic sodium hydroxide (Auwers and Anschutz, 
he, cit,) or sodium carbonate : with (a) hot aqueous alcoholic sodium hydroxide 
(Feuerstein and Kostanecki, Ber,, 1899, 32, 310) or carbonate, the 3' : 4'- 
methykmedioxy benzylidenecoumaranone is obtained ; intermediate formation 
of the ethoxy-compound, 


,OCO‘CHa 


COCHBrCH(OEt) 


() ^ 




X 


' Price and Bogert (J* Amer, Vhem, 1934, 56, 2442) have found that the 

dibromidee derived from 2-hydroxy-3 : 4-dixnothoxyphenyl o-, m- and p-nitrostyryl 
ketones also Ixclong to Olaaa (6). 
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is to be expected with hot alcoliol, but not readily in the cold* o-Hydroxy- 
]>henyl a^-dibroino-jS-3 ; 4-inethylenedioxyphcnylethyl ketone gave similar 
reHiiltfl, except that witJi hot pyridine no definite product was obtained, o- 
Hydroxyphenyl a-hronio-/3-eihoxy-^-3 : 4-methylenedioxyphenylethyl ketone, 

/ yOll 

X \ X 


\^\j()‘CHBrCH(()Et)\ 

\ 


0- 

\ 


Nch., 


\o- 

/ 


/ 


on being heated above the m.p. or with pyridine gave the fkivone; with sodium 
hydroxide or sodium carbonate in hot or cold acetone or alcoliol the benzyli- 
denecoumaranone was obtained. Once the ethoxy-com pound is formed, 
neither alc^ohol nor heat is necessary for the pro^hietion of benzylicleneeou- 
maranone; all that is required is that sodium hydroxide or sodium carbonate 
shall be present. 

Further work in this laboratory (S. N. Rao and R. K. Kamat) has shown 
that u p“l)enzyloxy-group in thti styryl nucleus of a chalkone dibromide also 
renders labile the neighbouring bromine atom, so that an ethoxy-com pound is 
readily formed with alcohol; with alkali this ethoxy- compound gives the 
benzylidenecouinaranone . 

It has recfmtly been found here (M. Samiulla, W. A. Hutchins and S. N. 
Rao) that with alcoholic potassium cyanide, the flavone is at once obtained 
from compounds of the type 


and 

•CHs 


•CH3. 


/'\/ 


OH 


/ \c0 • CHBr • CH (OEt)<^ ^’0 
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\ CO CHBr -CHBr/ \o 


It has also bwin shown (B. O. Aoharya) that the o-alkoxy-group in the 
bonzoatyryl nucleus of the chalkone dibromide : — 

.OH 




OMo 


\/'\x)-(:!HBrCHBr<^ ^ 
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also energises the nearer bromine atom, and that the ethoxy- eom pound wliioh 
can be obtained with alcohol gives rise to b<mzoflavono8 with alcoholic potas- 
sium cyanide, and to naphthylidenecoumaranones of the tyf>e 



01 ^ 

C = CH<" 

/ 



with alcoholic alkali, ft may be mentioned that it has Ihhmi shown (N. A. 
Bhagwat) that th<3 bromine atom in />-aIkox,y-styryl compounds is more labik? 
than in the o-aIkoxy-coin})OundH ; alkoxyl in the m-jKxsition has no activating 
effect (cf., Bauer and Vogel, J. pr. Chejm., 1913, 88, 329). The presence of a 
nitro-group in the alkoxy-styryl nucleus nuidors the bromine inactive 
(Dodwadraath and Wheeler, he. cit.); the chlorine in chalkone diohlorides is 
less active than the bromine in dibromides. 

This theory it will be seen not only explains the observation of Auwers 
and Anschutz that working in the cold favours the formation of flavones, but 
also their discovery that some dibromides under all conditions give flavones 
only; if there be no activating alkoxyl group in the styryl nucleus, there is no 
possibility of formation of an alkoxyl compound with alcohol. 

We may write, therefore, 


( 11 ) 
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OH 


Iloat or 
KCN in Eton 
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\cOCHBrCHBr/ 



E H or Ac. 


\/^''aOCHBrCH(OEt)<^ ^OMo 
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Alkali 


Heat or alkali or 
KCN in EtOH 
(R - H) I 

(II) 
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\/'\cO-CBr = OH / \0Me 

I ^ ^ - 
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It is known that the bromoethoxy-eoinponmis of the type (V) readily eliminate 
a molecule of alcohol to form an a-bi*omo(ihalkone (see for example, Nadkarni, 
Warriar and Wheeler, he. cU.) which with alkali will give the benzylidene- 
conmaranone (Kostanecki and Tambor, JBcr., 1809, 32 , 2297). An apparent 
exception to this view is afforded by the o-hydroxy naphthyl p-alkoxystyryl 
ketone dibromides which yield flavones with hot alcoholic alkali (Kostanecki, 
Ber., 1898, 31 , 708). This asiomaloua result has been traced (A. P. Khanolkar 
and G. V. Deshmukh) to the fact that these dibromides are not readily soluble 
in hot alcohol so that the formation of the ethoxy-compound is slow. If the 
solubility of the di bromide is increased by addition of chloroform, ethoxy- 
compounds which give benzylidonebenzocoumaranonos with alcoholic alkali 
readily obtained. 

The use of the ethoxy- bromides provides a certain synthesis of benzyli- 
denccouniaranones. It may be noted that the method employed by Ingham, 
Stephen and Timpe {J.C.8., 1931, 895), for the synthesis of benzocoumaranones 
from a-naphthyloxyacotyl chlorides is ambiguous, and can give rise to either 
of tw^o compounds as shown : — 



These compounds can be condensed with aldehydes to give benzylidene 
derivatives. 

It will be clear, therefore, that a flavone can always be obtained from an 
o-hydroxyphenyl alkoxystyryl dibromide by working without alcohol, so as to 
prevent th<5 formation of an ethoxy-compound. Direct heating will also 
give the flavone. A better method, however, is to use potassium cyanide 
and alcohol; this gives the flavone even though the ethoxy compound be 
formed. 

CheUkom dibrt/midea from diaUcylfhhroacetphenone ckcUkonee^ Chalkone 
ciibromides derived from (IV) are known to give benzylideneooumaranones 
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with hot or cold alkali (Uiillinano and PhiljiMjtt, cil.), and this has 
precluded the synthesis by the method under investigation of some imjKU'tant 
naturally occurring 5 ; T-diliydroxyfiavones. The course of the reaction is here 
to bo referred to the fact that the bromine atom /S to the keto-group is readily 
eliminated as hydrogen bromide to form an a-bromochalkono (VI) and, in 
fact, Koatanecki and Tambor (loc. r.it.) obtained (VIT) directly by bmmination 
of (VIII). 


MeO/ 
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A variety of experiments, however, showed, that when 2-hydroxy-4 : 0- 
dimethoxyphenyl styryi ketone dibroniides were heated above the molting 
point or better in alooiiolic solution with potassium cyanide the corresfwnding 
flavono was obtained. Hot or cold alkali even in the absence of alcohol 
yielded the benzylideneooumaranone. 

Synthesis of some naturally-occurring jlavones: (W. H. Hutchins). Many 
naturally-occurring flavones require for their synthesis chalkone dibromides 
falling within both of the above classes; that is 2-hydroxy-4 : 6-dimothoxy- 
phenyl p-alkoxystyryl ketone dibromides. However, the observation that heat 
or the action of potassium cyanide in alcoholic solution produces ttavones 
from both types of dibromides has enabled the thii^e naturally-occurring 
flavones, chrysSn, apigenin and luteoHn to be synthesised by the following 
series of reactions : — 




For dotailrt Komo of t ho work dGaoribed above Roe : — -Proc. Jvd. Acod, *SVi\, 1035. 
t>. 430; J, nomha}/, 1037, 6\ 107; JX\S, 1037. 1737. 170»; 103H, 1320, 211 H; 

1030, 01. 04. 00. 



ON THE BURROWING HABITS OF A GOBIOIJ) FISH OF THE GENUS 
TAENIOIDEi^ IN THE ANDAMANS.^ 


By H. Srikivasa Rag, M.A., D,Sc.y F,A.Bc., F.N.L, Zoological Survey of 

India ^ Calcutta. 

(Published with the {Kjrmission of the Director, Zoological Survey of ludi(i.) 

{Read April 6, 1930.) 

In the course of his recent studies on the ecology and bionomics of the 
of the Gangotic delta Hora*^ (1935, 1936) briefty dealt with the 
burrowih^ habits of certain species. While stationed in Port Blair, Andamans, 
during the years, 1932 to 1935, 1 had an op{X)rtuxiity of observing tlie burrowing 
habits of two Bjieeies of Muraenid and Gobioid fishes living in the mud flats at 
the entrance to certain brackish water creeks in the vicinity of Port Blair. 
My stray notes on this subject are offered in the prosont communication as a 
supplement to Hora's published observations. 

While digging in the mud for worms and other organisms near the edge 
of a creek at South Corbyn’s Gove, Port Blair, 1 found, in addition to several 
specimens of a Muraenid col, a fow^ examples of a Gobioid fish of the genus 
Taenioidea not more than four inches in length. In life, they wore of a pinkish 
brown ground colour with golden yellow blotches on the sides. As this Goby 
lived in fairly deep burrows and observation of living examples in their natural 
habitat was imjxossible, a few spooiniens wore taken alive to the Fisheries 
Laboratory where they were kept in aquaria for further observation. 8oft 
mud from the creek was placed at the bottom of a largo aquarium jar and 
sea water was added to a height of about 6 inches above the surfaces of the 
mud. When the live speeimens of Taetiirndes were dropped into the jar, they 
explored the bottom for 5-~10 minutes, presumably, to find a suitable place 
for burrowing, and then shovelled up the mud with their head tf> make burrows. 
Where the mud was soft the process of burrowing was fairly (piick, a burrow 
indies long taking only J0-i5 ininutes to make. Where the mud was 
hard the fish actually bit off lumps of mud with their long sharj) tooth and 


1 The epeoimoriH of fish uiwjd in the exporimentB which fonn tlic subject matter of 
this note are immature forma and arc consoiiuently diUicuIt U> identify. In dentition 
they agree with the doacription of Ta^nioitlcx cimdws (lUyth) but aeem to differ from it 
in body proportions. It is likely that the spocimona rt^prosonfc tho young of T, mec^ulum 
(Bl. & Schn.), a species recorded by Day from tho Andamans. 

« Hora, S. L. Trana. Nat. Iml. Indian h Ih ph h fig< U, ( * l>35). 

Cmnpt. Rend. X2I Oongr. IrUernai. Zool. Z/wtonne, 1935, pp. Sfl4, S55, 
phxlvi, fig. 5, (1036). 
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ejected them rapidly through the ojieroular openings. ^ In this manner a 
burrow was completed in about 15 minutes. The loose mud that was falling 
from the sides in the process of burrowing was thrown out from the burrow 
by the vigorous motion of the operculum, the fins, and the posterior part of 
the body of the fish. The meandrine lamellar ridges on the dorsal surface of 
the head, on the cheek, and on the sides of the hotly up to the caudal fin 
presumably facilitate the process of burrowing by acting as effective shovels. 
The burrow may be a simple tunnel of more or less uniform calibre running 
obliquely as in Text-fig. 1 and o|)cning on the surface of the mud at the same 



Tkxt-ituj. 1.— a simple burrow of Tamiouhs with the two at difTei'ent lev'^ob of 

the bottom. 

or different levels by two rounded apertures. The fish takes up a position 
in the middle of the burrow where it is concealed from view. Tlie burrow may 
end blindly at one end and lie horizontally some distance below the surface, 
and often in communication with the exterior by additional vertical tunnels 
as in Text-fig. 2. The egress and iiigress of the fish is thus greatly facilitated. 
In this instance it is not known whether the inhabitant of the horizontal 
burrow has made the vertical tunnels or some other fish trying to burrow in 
the close vicinity has chanced to cut across the horizontal burrow. A slight 
variant of the type of burrow described above may be seen in Text-flig. 3 
where the horizontal burrows are slightly curved communicating as usual 
with the exterior by vertical tunnels. Burrows of different calibres, 


1 Dr. Hora (103S) observed in T. ruhicundus that wlien the mud provided was bard 
the dsh had to bite off large lumps which they ^coughed* out by mouth. In the species 
observed by nui of which I bud only small spac^imetm the particles of mud bitten off were 
e} 0 ote<l forcibly through the gill -openings which are largo enough for the passage of the 
particles of mud. The gill -rakers in this process seem to be adpressed to the walls of the 
gill -chamber when expanded and thus facilitate the passage of the particles without 
hindering the function of the gills. 
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presumably belonging to two different siiaes of fish may be seen in this figure. 
A eomplicatt^ly branched burrow as in Text-fig. 4 with vertical tunnels of 



Tkxt-fio. 2, — A horiy.outal burrow of TaenioUh» oiiding blindly ai ono cud, and with two 
vortical (jonnoctiiig burrows of narrowto* calitm^ loading to tht' outaide. 

varying calibi'e has also been obsc^rved in the Laboratory. I have not observed 
more than one fish in these burrows and their connected tunnels, and am 



Tkxt-fio. 3.^ — Bum>ws of of nan’ow calibre eommiuucating with the outside 

by meaua of short- vert*ical nhafts. The fish in otie of the burrows is 
expelling a cloud of mud to keep the bnrrt>w open and (dean. 


consequently unable to say whether the burrows of different oalibn^s are made 
by fish of different sizes. The occlusion of the vertical tunnels by falling 
particles of mud is fairly common, and 1 have observed fish repairing damage 
to their burrows by throwing out forcibly the particles of mud dropping into 
them in a cloud that may frequently be observed at the mouth of the burrows 
(Text-fig. 8), 
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The fish usually take up convenient iKwsitions in the horizontal portions 
of the burrows, and by vigorous movements of the gilboperculum and of the 
body maintain an inward respiratory current of water flowing through the 
tunnels and bringing with it minute particicB of organic and inorganic matter. 
The respiratory movements of the giU-oiierculum are about sixty to the minute. 



TKXT'ifia. 4, — deop«r and more cotnplicatod hiurow of TatnioideH comnnmioating with 
tha outsido by sutmidiary burrowa of narrower calibre. 

The fish, however, rest at short intervals stopping al) movements. Oocasion- 
ally, in the course of the day, but more often at nigiit, the fish emerge from 
their burrows to the surface of the bottom mud, swim about a little in the upper 
layers of water and finally return to their burrows. The junction of the 
vertical and Hie horizontal portions of the burrows is often utilized by the 
fish to reverse the direction in which they lie in the burrows. The forcible 
ejection of water and solid particles by mouth assisted by the undulatory 
movements of the body in a postoro-anterior direction referred to abpve is, 
however, an infrequent phenomenon, but the betokward and forward move- 
ments of the fish in their burrows are more frequent and are suited to the 
needs of the fish. When the inward respiratory current is sot up, the move- 
ments of the body of the fish are slow and rhy thmical, and a gentle current of 
water enters the butrow by the opening nearest to the anterior end of the fish 
and leaves it at the other end of the burrow nearest to the tail-end of the fiidi. 
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The more violent expiratory currents are caused by the rapid undulatory 
movements of the body in a reverse direction and by the forcible expulsion 
of water through the mouth. 

The capacity of the fish to burrow in ptire sand or in a mixture of sand 
and mud was tested in another expiriinent. An aquarium jar was filled with 
sand to a fourth of its height and filled with sea water. Two si>ecimens of 
the T'aenioideA wwe introduani into the jar. Failing in the re|)eated attempts 
to burrow in the sand at intervals of every few minutes, the fish kept on 
swimming along the sides of the jar, often sticking to the surface of thc^ glass 
by the ventral fins, and finally settled down on the surface of the sand more 
or less exhausted. In a well -mixed mixture of equal parts of soft mud and 
sand, the fish wt^re at first unsuecessful in making burrows, but several hours 
later they were found inside burrows in the sand and mud mixture. 

The l)ehaviour c^f the Muraonid eels captured in the same locality as Taenia- 
idea was, however, different in the acpiarium. The moment they were intro- 
duced into the aquarium c^onsisting of sand, mud, or a mixture of both, they 
took a straight plunge into the bottom disappearing into burrows made in- 
stantly with their sharp pointed snout in Jess than a minute. They, however, 
returned now and again to the mouth of the burrow keeping their head well 
above the surface of the substratum and continuing the respiratory movements 
of their operculum. 

When the bottom mud in the aquarium was only just kept moist, the 
Muraenid eel often came to the mouth of the burrow, while Taenioides never 
once left the burrow. 

Of the three specimeiis of Taenimdea one lived in the Laboratory aquaria 
for 47 days, while the other two lived for 68 days. 

I have to thank my friend, Dr. S. L. Hora, for suggestions in writing up 
this note. 

On being invited by the President to make some leniarks on Dr. H. S. 
Rao*s illumii\aiing paper, Dr. Hora refen'od to the observations mode by him 
on the burrowing habits of the Gobioid fishes of the Gangetic Delta. Attention 
was particularly directed to the suitability of the soft and colloidal mud of 
the estuaries for making barrows. The various advantages derived by the 
fish by living in burrows were referred to, and mention was made of parallelism 
in form between the diverse ty|)es of burrowing animals, such as snakes, eels, 
gobies, etc. 




PHYSIOLOGY OF RESPIRATION AND EVOLUTION OF 
AIK-BIIEATHINO FISHES.^ 


By Sunder Lal Hoea, D,Bc,y F.R.S.E.^ AssisUint Superiniemdmi^ 

Zoological Survey of India, CalcuUa. 

(Read April 6, 1939,) 

In 1^)35, 1 published the results of a series of exporiincnts and observations 
on the bionomics and physiology of respiration of certain air-breathing fishes 
of India, and after reviewing the earlier literature on the subject concluded 
that 

* providod suiiablo phyniotigical ooridil-ioriH are OKtablwhed, iho majonty of 

the air-breafbirig can live under wat-er aJinrjst indofinitejy’. 

As a result of these experiments it also became clear that some of the 
so-called organs of aerial respiration may originally have develoi)ed for in- 
creasing the area for aquatic respiration, and later, under lul verso conditions 
of stagnation and drought, through ‘Change of Function’, became adapted 
for aerial I'cspiration. This is evident in the case of a number of estuarine 
gobies, wls, etc., in which, at the time of aerial respiration, the air is stored 
up in lateral p<juche8 of the buccal cavity, an<l also in some torrential and 
marine fishes in which similar arrangements for aerial respiration exist. During 
aquatic respiration, when the buccal cavities are filled with water, their 
internal respiratory lining, which is continuously bathed by water, no doubt 
subserves aquatic respiration. This simple, but widely employed, mode of 
aerial respiration was undoubtedly preceded by the habit of breathing air 
continuously, as observed in tlie Mastacembelidae, Myntua gulio, Stigviaiogobius 
sadanundio, and many other fishes of tropical fresh waters; in the latter process 
an almost continuous respiratory current of air is passed through the buccal 
cavity and over the gills. 

Of the Indian species provided with special organs of aerial respiration, 
the air-chambers of Amphipnoua, though capable of performing aquatic res- 
piration for a relatively much shorter period, are too small and highly special- 
ized to carry on this function for any length of time, especially as the gills 
of this fish are greatly reduced. Thus among the Indian fishes adapted for 
aerial respiration Amphipimu cuckia is probably the only species that cannot 
perform aquatic respiration effectively for any length of time even when kept 
in Hioroughly aerated waters. In this respect it is more terrestrial than 
PanopMhalmm and other well-known terrestrial fishes of the tropics. Its 
of aerial respiration are, however, perfect as the fish can live in water 

^ Published with the permission of the Director, Zoological Survey of India. 
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totally devoid of oxygen or even that artificially saturated with CO 2 (vide 
Das, 1927, p. 209). 

The long tubes of HeieropTieustes were found to bo free from water even 
when the fish wan kept imniorscjd for several days and, in fact, the tubes seen) 
to have bc^en spceializcfi to carry out aesrial respiration only ; the gills of the 
fish are probably of normnl <lirnen8ioiis, and there can bo no doubt that they 
are sulficient to sustain life by means of aquatic respiration, provided physio- 
logical conditions are suitable. Thus in Heteropneustes we have a high dogi^ee 
of‘ differentiation between the organs of aquatic and aerial respiration. Each 
type seernH to be independent of the other and is probably sufficient by itself 
to maintain t he normal activities of the fish when called upon to do so. 1 have 
shown in my exjKU’iments that the giUs are quite effective for aquatic respi- 
ration under suitable physiological conditions, while the air-tubt^s were found 
by Das (1927, p. 209) to he insufficient to sustain life for more than 0 hours 
or so when the fish wert^ kept either in boiled water or in water through wdiieh 
was l)eing bubbled. 

In ClariaSt both the gills and the dendritic growths for aerial respiration are 
bathed in watOT’ when the fish is kept under water and is not allowed access to 
atmospheric air. In this Siluroid fish, therefore, there is no rigid division of 
labour among tlie two types of respiratory organs. In the case of Olariaa 
also Das found that the organs of aerial respiration could not by themselves 
sustain the life of the fish for more than 6 to 8 hours. 

In Ophioephalm and the labyrinthine fishes, such as Anabas^ in which 
the air-cavities are dorsal, if the cavities are not evaeuatol of the air contained 
in them, the fish cannot exist on aquatic respiration through the gills alone, 
but if the cavities are emptied, so that the respiratory current of water can 
wash their inner lining, the increased respiratory area thus made available 
was expt^rimentally fouTjd to be sufficient for the fish to exist on aquatic res- 
piration alone. Further, it was found by Das (1927, p. 209) that the organs 
of aerial res^piration of these fishes were not by themselves sufficient to maintain 
life for more than 6 to 8 hours. In the case of these fishes, therefore, under 
natural conditions the aerial and aquatic organs of respiration would seem to 
be dependent on one another for maintaining the life of the fish. 

From the above it will be clear that, according to their respective require- 
ments, various types of fishes have undergone diverse modifications, and for 
this reason it appeared to mo that : 

‘The habit of breathing air seems to have boon acquired indepondonUy by 
groups of species living under difieroni environmental conditions, and it seems evident 
that while the simplioity of a structure is no criterion of its low oi^onioation or 
primitive nature, its utility appears to be the sole guiding principle in its ©volution.’ 

In my (1936) article, I referred to Das’s ‘drowning* experiments in which 
he used water saturated with oiscygen from a generator^ and found that ^Anabas^ 
Clarias, ^^accdbranchm^ Ophiocaphicdm' succumbed in periods of 3 to 8 houre. 



EVOtTTTTOK OF ATR-BUKATHUSTO FISHES, 


filled with air, when the fmh was kept under water, but I failed to account 
for the death of Claruta and HeieropnenMea {tsSaccobranchua) in his experi- 
ments. Das (19%37), in a recent article, has reiterated his results and views 
and has not only criticised my deductions, but even doubted the findings 
of my experiments without trying to verify my results by carrying out experi- 
ments, either iu accordance with the technique fully explained in iny article 
or that employed by Ghosh (1934). If must understood that my experi- 
ments, with somewhat improved technique, were only a corollary to those of 
Ghosh. 

On a careful perusal of Das’s papers on air-breathing fishes, the only 
diiference that I find between the technique employed by him and myself in 
'drowning* ex})erimentH was that he oxygenated the water wfiereas I aerated 
the water, and it was primarily to test whether this differcuice in the technique 
could account for the groat difference in our results that the following experi- 
ments M'ore undertaken. 

‘ Drowning ^ experiments were carried out w ith Clariaa and Ileteropneustea 
in the laboratory of the School of Tropical Medicine under the supervision of 
its Direotor, Col. R, N. Chopra, u distingliished physiologist. The specimens 
were kept iU two jars, through one of which the air was being pumped, while 
through the other oxygen was being passed froni a cylinder; the fish were 
prevented access to atmospheric air by means of a wire gauze diaphragm. All 
the specimens were found to be quite healthy even after 24 hours when the 
experiment was discontinued. Even when boiled water saturated with 
oxygen from a cylinder was used the fish showed no signs of oxeiteinent during 
the five hours, for which the experiment was in progress. On an enquiry being 
made about the effect of excess of oxygen on respiration, (^ol. Chopra very 
kindly wrote to me as follows concerning its action on warm-blooded animals : — 

‘Oxygon constitutes about 1/5 (20* 94 percent) by volume of ordinary air. An 
incroast!) of this proportion and even on inhalation of iufKhlut.ed oxygen produces 
no noticeable effect under ordinary comlitions. The rate of oxidation or the con- 
sumption of oxygen is not at all increased; indeed the output of COjj is rather lessened. 
Evidently the proportion of oxygen in air suffices for all ordinary needs, and additional 
oxygon acts merely as an indifferent gas — as so much nitrogen or hydrogen. 
Oxygen under excessive pressure, about 3 or 4 atinoaphores, however, causes violent 
convulsions and ultimately death. 

* The role of nitrt)gon is practically inert, it acts as a diluent only.* 

Thus failing to achieve the results obtained by Das, even after using 
highly oxygenateil water, I wrote to him the following letter, dated the 
12th July, 1938:— 

"X perused your article on air-breathing ffshes, which was read at the Lisbon 
meeting of the International Congress of Zoology, some months ago, but did not 
want id pubUsh a lejfomder till 1 had an opportunity to repeat my experiments once 
again. 1 have done so now and the experiments were carriod out in the Physiological 
laboratory of the School of Tropical Medicine under the supervision of India's gneatest 
physiologist, Colonol R. N. diopra. 8o long as tho water was kept thoroughly 
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aerated or oxygenated Afo^^wr and Sin^fi did not die oven when prevented aoceaa to 
ftir for 24 or more hourH. As a full account of the technique employed by you in 
your “ drowning ” exfx>nmentB i« not available in your pajiere, may I have some of the 
noticBsary details to repeat your experiments so as to arrive at some definite con- 
i^hmions. I do not for a moment doubt the msults of your experiments, but 1 believe 
there muHt be some fundamental difference in the way wo have carried out our 
experimentB. As I have published full details of the teclmique employed by me, may 
1 request that you should also repeat my experiments to fiiid out the truth for your- 
self* 

‘It will be in the interest of wsientifK; pri>grcsM that rut dovibt should left 
regarding the validity of our experimental data* It is immaterial if wo differ in the 
interpretation of the data,’ 

To the above Prof. B. K. Das replied (dated, the 17th July, 1038) as 
follows : — 

‘Many thanks for your D.O. No. 3265 <lftU'd July 12th, 1038. 1 am fully satisfied 

that my exp^^riments and their rosuHs are quite correct and convincing.’ 

In view of Professor B. K. Das’s reply 1 am unable to acicount for the 
difference in our results and have now no course oi^en to me except to reiterate 
my previous views, based as they are on experimental data which have been 
fully confirmed by a series of recent experiments as indicated above, A care- 
ful study of Prof. Dus’s earlier paper (1927) has shown that ho himself has not 
paid sufficient attention to the significanee of his experiments with boiled 
water (p. 209), and water saturated writh carbon dioxide (p. 210), When 
he used boiled water, from which the dissolved oxygen had been expelled, 
he found that Hj:)ccitnens of Clarim^ HeieropneusteSy AnahaSy Ophicephalua 
and Arnphipruma when kept in jars filled with this water : 

‘At first tVioso fish bi'havcd normally, but stsm Ix^come cxtroincly agitattnl and 
wmpped for air with increased freq\ioii(?y. VlnrifMy SaccobmV'Chtut and A \ahas 
Hurx'ived for 6 ImurH. then made conxudsive movements and died; OphicephaUi» 
survived for 8 hours, but AtuphiptioiM after tlireo days appeared to 1)© in (juite a 
bealthy condition. As controls water -brt^athing fish weni subjected to the same 
condition. In all branchial movements werta suspended in 2 to 5 m)mit«>H, and in 
ewry case death ow.urrod in half an hour.* 

When he used water saturated with COg gas, ho found that the same species 
of air-breathing fish, AnahaSy ClariaSy HHeropnemteSy OphicephaluSy when 
placed in water through which a stream of COg bubbles was kepi passing : 

‘ At first stuno fish snapped t at those bubbles, but later inhaling them became 
ox4jit(Hi and fled to tho farthest corner of the aquarium, whore they vigorously and 
rapidly inhaled air. All came to the surfocie in less than an hour, and all succumbed 
in less than 6 hours. When kept l>elow a diaphragm they wen^ “drowiiod** in 46 
jninutes. Control wat/or-broathirq? fish under similar circumstances all came to the 
top in 5 minutes and died within half on hour,* 

Tho above statements are significant in so far as they show that, with the 
exot^ption of AmphiprwuSy so-oelled air-breathing fishes of India cannot 

1 In my experiments I did not notice the fish snapping either at the bubbles of air 
or at the bubbles of oxygen. 
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exist on aerial respiration alone ; in the economy of their lives aquatic respira- 
tion also plays a very vital part. One or the other mode of respiration may 
predominate at times according to the physical conditions of their respective 
environments, but under natural conditions a combination of the two seems 
to bo essential. In my experiments it was foutid that, with the exception of 
Amphipnomy all other typem of Indian air-breathing fishes could exist on 
aquatic respiration for an almost indefinite period, and Rilu^e Das found that 
they, again with the exception of AmphipnovSy could not live on aerial respira- 
tion alone, there would seem to be considerable justification for believing that 
in fishes, as a rule, the aerial mode of respiration was resorted to in its earlier 
stages of evolution only as an aid to the aquatic respiration of the species. 
This is certainly true of a great majority of tropical fresh-water fishes even 
at the present day when on hot days they come to the surface and gulp in 
air which is passed over the gills. Further, it is a commonplace observation 
that the frequency of the visits of the nmjority of air-breathing fishes to tlio 
surface for inhaling atmospheric air depends upon the quality of the water; the 
visits are more frequent if the water is stagnant and foul, and less frequent 
if it is clear and at^rated. This also shows that aerial respiration is only 
resortcMl to wheti aquatic respiration proves insufficient foi- the requirements 
of these fishes. AmphipnouSy among the air-breathing fishes of India is, 
however, an exception as indicatcKl above. 

Eeferent^e may also be made to data that have come to my knowledge 
since the publication of my article referred to above. 

As early as 1015, Howell published ‘Notes on the Respiration of the Murral 
(Ophiocephalidae)^ and showed the effect of low temperature and of running 
water on the aerial respiration of the fish. From his observations he concluded 
that : 

* the air caA^ty is only on auxiliary apparatvis to bo callod into u»o wbon tho 

supply of oxygon obtained throtigh tho gills is iiisufficinnt.* 

The above view fully confirms niy observations on the physiology of res- 
piration of the so-called air-breathing fishes of India. 

A student of the Bomba}^ University performed ‘drowning’ exiierimeiits 
on PeriophthalniUH, His results are not yet published but as an examiner of his 
thesis, I have had an opportunity of reading them. Ho found that if the sea 
water was kept .properly aerated Periophthalmvay the most terrestrial of our 
fishes, can be made to live under water and subsist on aquatic respiration alone, 
thus confirming my experiments on Periophthalmodfm. Attention may also 
be directed to Rao’s {1938, pp. 386-389) experiments on tho aerial and aquatic 
respiration of the marine Blenny Af^amia. 

Owing to the discrepancies in the results of Prof. B. K. Das^s ‘drowning' 
experiments and those performed by mo it seems desirable that other workers 
interested in the subject should repeat these experiments arid-report tho 
results. The experiments are very simple and can be carried out easily with 
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Clarias and Heteropneiistes. Where aerating of water with the help of a 
pump ifl not jx)ssible a continuous stream of water should be allowed to flow 
through the basin in which the fish are kept under a diaphragm (vide Hora, 
1935, pi. i, fig. 7.). 
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Summary. 

The author gives a brief r^sumi of the results obtained in his earlier 
experiments on the ‘drowning' of the so-called air-breathing fishes of India. 
In view of Das’s recent criticism of his data the author has repeated the 
experiments in the laboratory of the School of Tropical Medicine under the 
supervision of Col. R, N. Chopra, Recent experiments were carried out with 
thoroughly aerated and oxygenated waters. Finding no difference in the 
results, he wrote to Prof. B, K, Das about Ihe technique employed by him, 
but did not get a helpful reply. Consequently, the author reiterates his 
views and in their support adduces fresh experimental evidence that has come 
to his knowledge since the publication of his first paper in 1986. Finally the 
author requests other workers in India to repeat the experiments with a view 
to clarifying the different results obtained by different authors, 

Disoussioh. 

Before declaring the paper open for discussion the Presided thanked the 
author for the interesting results obtained by him and remarked that he closely 
watched the progress of the so-called ‘drowning* experiments cm Mag%er and 
Singi performed by Dr, Hora in his laboratories. He was thus in a position 
to state that the fish when kept in thoroughly aerated or oxygenated water 
and prevented by a diaphragm from coming to the surface continued to live 
for long periods without showing any signs of distress. Even when oxygen 
from a cylinder was bubbled liirougb, the firfi did not evince any excitement, 
Jt is unfortunate that Prof. B. K. Das baa not helped Dr, Hora to repeat the 
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experiments with hie technique, but it may be hoped that other workers 
interested in the subject will repeat I)r. Horans exinsriments to convince 
themselves of the data presented in his papers. 

Professor t/. N. Mukherjee wanted to know whether in Br. Hora’s exj>eri- 
mental arrangement the possibility of minute bubbles of air, not visible to 
the naked eye, was excluded. He suggested that an arrangement excluding 
this possibOity might be tried and oxygen contents of water at different places 
might be determined. 

Dr. P. Neogi suggested that the presence of extjoss of oxygen, especially 
under pressure, might have exercised an asphyxiating influence on the Ashes, 
for they might have died as a result of it just as a candle will burn out very 
quickly if oxygen is substituted for air as the medium of combustion. 

Dr. iZ. B, Lai observed that the problem as he understood was whether 
in Dr. Hora’s experiments the oxygon was given in gaseous state to the fish 
or whether it was a question of the amount of the dissolved air. If the latter 
be the case, then the ordinary aquatic fishes also require a certain amount 
of dissolved air and the question arises whether in the experiment of the two 
workers the partial pressure of oxygen was equally suitable for the terrestrial 
fishes. 

Dr. H, S, Rao remarked that as only a limited amount of oxygen or air 
can bo dissolved in a given quantity of water at a certain temiierature the 
continuous bubbling of the gas can have no harmful effect on fishes; the 
excess of the gas would not be dissolved in the water, but would be passed 
out as such. 

The President explained that, judging from the data available from our 
knowledge of human physiology, excess of oxygen under normal pressure 
has no adverse effect on respiration, but if the pressure is increased even three 
to four times then the excess of oxygen causes violent convulsions and may 
ultimately result in death. He presumed that the same physiological laws 
would probably apply in the case of fish also. 

In reply to Prof. J. N. Mukherjee Dr. Hora stated that as in Prof. Das’s 
and his experiments the gas was bubbled through the presenco of minute 
bubbles of air in water could not account for the differences in their respective 
results. Moreover, he directed attention to the series of ‘drowning’ experi- 
ments carried out by him in 1934 in which he hod arranged a continuous 
supply of fresh Water from a tap. In reply to others, Dr, Hora stated that 
the water containing the fish and through which air from a pump or oxygen 
from a cylinder was bubbled was kept at ordinary pressure, and in view of 
Col. Chopra’s observations the oxygen content of water could not have adversely 
affected the fishes. In any case until Prof. Das fully explains the technique 
employed by him it will be difficult to verify the results obtained by him. 

The President concluded the discussion by remarking that it will be useful 
if in any future experiments the oxygen contents of water, as suggested by 
Prof. J. N, Mukherjee, were also determined. 




STRUCTURE AND DEVELOPMENT OF THE EMBRYO-SAC OF 
IPHIGENIA INDICA KUNTH* 


By A, O. JosHi, D.Se,, Department of Botany, Benaree Hindu Ummrsiiy. 

(Emd April 5, 1939.) 

Although the family Liliaco® han been a favourite Hubject for cytologioal 
and ernbryological studies for a long time and a vast amount of literature has 
accumulated on the subject, still our knowledge is far from complete. Many 
tribes and sub-tribes still remain to be investigated . Thus not even one member 
of the tribe Iphigenea) of Hutchinson (11)34), which includes the genera Grin- 
thogloasum, Iphigenia, Camplorrhiza, Meya and Androcymbium, distributed 
over Africa, India and Australia, has been studied from this stand -point. 
The current classification of the family has been recently strongly criticisGed 
by Hutchinson (1934). He has proposed many changes. To test the phylo- 
genetic value of the different systems it is necessary to have a detailed know- 
ledge of comparative anatomy, embryology and cytology of the different 
tribes. 

Iphigenia indica Kunth, the subject of this investigation, is a small 
perennial herb. The flexuous stems coming out from globose undergiouiul 
corms bear a few long narrow leaves and purplish flowers with linear -subulate 
tepals, from which the species can be easily distinguished in its natural environ- 
ment. The material was collected by the writer from Krusadai Island (8. 
India) during the month of December 1936. Plants of this species grow 
there in great abundance in the neighbourhood of the Biological Station. 
Flowers were picked up at about 10 a.m. and immediately fixed in Navashin’s 
fluid. From this fixative after 24 hours they were directly transferred to 70% 
alcohol. The material was finally embedded in paraffin according to the cus- 
tomary methods. Sections were cut 8-1 2 ft thick and stained with Heidenhain^s 
Iron-alum Haematoxylin alone or in combination with Light Green. 

pRavious WOEK. 

The ernbryological literature on the Liliace® up to the year 1930 has been 
reviewed by Schnarf (1931). It is therefore unnecessary to summarize it 
here. The following are the important publications which have appealed 
since 1931 on the embryo^sac of the Litiaceso. 

Messeri (1931) studied the embryology of six species of Allium^ NoiJm- 
imdmm fragrana and N, Btriiiium, The development of the embiyo-sac in the 
Imt oprreapouda to the Nomud-type, In the other it was found to agree with 
the SdMa^type, An unusual behaviour was observed in Allium neapoliiamm, 
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No antipodalB were formed and all the four chalazal nuclei of the 8-nuoleate 
embryo*Bac were seen to function as polar nuclei. In A. nigrim, A, siibkir- 
autmn and A. Schmnoprasum antipodal cells functioning as eggs were observed. 
Modilewgki (1931) described the development of embryo in AlUum odorum, 

Bambacioni (1931) continuing her researches on the development of the 
ombryo-sac of the Liliaceas showed that the development in TuUpapraecox 
and Lilium biUbiferum also corresponds to the Fritillaria-type. 

Stenar (1032) again investigated the life- history of Nothoacordumfragrans 
and N. striatum. The results of his study of embryo-sac development agree 
with those of Messeri (1931). He further observed the development of the 
endosperm to follow the ifclobmlcs-type, the first instance of this kind noticed 
in the Allioideee. N uoellar polycm bryony (as the result of adventitious develop- 
ment of embryos from the nuoellus) was observed in N. fragrana. In 1933, 
Stenar gave an account of the development of the embryo-sac of AguparUhua 
umbellatvs and Tulbaghia violacea. In the first species it is of the Normah 
type, in the second of the Scilla-iype. Polyombryony was observed in the 
second. The same author (Stenar, 1934) has also investigated the develop- 
ment of the embryo-sac in Majanth&murn bifolium and Smilacina stellala. 
In the former plant he has shown definitely that it is of the Peperomia-type 
and corresponds to what Maheshwari (1937) in his recent review of the types 
of embryo-sacs (of angiosperms) calls the Driwa-form. After the completion 
of the meiotic divisions in the megasporo mother cell three nuclei pass to the 
chakzal end and one remains at the micropylar end. The following two 
divisions lead to the formation of four nuclei at the micropylar and twelve 
at the ohalazal end of the embryo-sao. Of the four micropylar nuclei three 
give rise to the egg-apparatus and one differentiates as the upper i)olar. Of the 
twelve chalazal nuclei one moves up as the lower polar, while the ttsmaining 
eleven form antipodal cells. The development of the ombryo^sac of Smilacina 
stellaia was traced only up to the 8-nucloate stage. It was found so far to 
agree exactly with Majanthemum bifotium. The 4-nucleate ombryo-nac 
showed the 1+3 arrangement of the nuclei and the 8-aucIeate 2+6 arrange- 
ment. 8tenar, therefore, thinks that in this species also the ombryo-sao is 
of the Peperomia-type, 

Hoare (1934) studied the development of gametophytes and fertilization 
in SciUa mnacripta. He found the embryo-sac development to follow the 
Scilla^iypOy but the micropylar dyad cell functions instead of the chalazah 
The nucleus of the chalazal ooil also divides and forma a 4-nucieat6 antigone« 
Mfiheshwari (1934) in the same year published an account of the male and female 
gametophytes of Ophiopog<m wallichiunus and Hrub}^ (1934) investigated the 
cytology and embryology of Etythtwitiin dans cunis* The latter found the 
megaapore mother cell directly developing into the embryo-sao. The 4- 
nucleate embryo-sac showed 1+8 arrangem^t of the nuoloL The mature 
embryo-sac was found to be 8-nucleate. The intervening stages were not 
seen, but the author supposed that the micropylar nucleus dividsd t^ce to 
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form the egg-appuratUB and the ujjper polar mieleim, while at the chalazal 
end only one nucleim divided. Maheshwari (11)37) has remarkeil that the 
author waw iniatake!) in his e^cplanaiion, but in a recent nott? Hruby (1938) 
oonfinnft hin previous fmdingB. 

(k) 0 )ier (1934 and 1935) has studied the devolopnveni ot the cvnibryo-sui’ 
in many species of Lilimn and has shown tliat in (^very emo it follow^s the 
Fritillaria-tyiii^. Romanov (1936) reports the same type of einbryo^sac 
develupniont in Gngea ova and G. graminifolia and (a)naidiM*s its occurrence 
very probable in G. tenera^ which was Jiowevor not so fully itivestigated. By 
comparing Stenar\s figun^s of Gagm lidea (Stonar, 1927) wiili ids own observa- 
tions he concludes that the same typt^ also ocarurs in this spccieH. Westergard 
(1936) has also reported the oceurrenee of Fritillaria-iy ])0 of eml>ryo-sa(^ in 
Gagea minima, Kirch (1936) has made some observations on the embryo- 
sac of Lilimn hngijloruni and drawn attention to some abjjoTmalilies in its 
developihent. 

Vigodsky de Phillippis (1936) has studied the embryology of Rmcm 
acAilexitUH. Ho finds that this species is subdioecious. Some fioAvers are 
definitely (jarjKilate. Others in the bud show both carpels and stamims, but 
the former degenerate, thus l(?aving the fiower stnminate. A few tlowors 
reach maturity with both stamens and carpels. Devcloj)ment of the embryo- 
sac in the true carpel late flowers follows the 8rUlaAy]w,, in flowers with stamens 
it is of the iVorma/-type. 

Wunderlich (1937) has studied the embryology of Scilloidea^ investigating 
chiefly Musmri raccfnosum. and commmn. Her studios supjrort the views of 
Schnarf (1929) about tlie separation of the Soilloidea^ from the Lilioidcai, with 
the former as the more primitive group. Its characteristic Normal-iy^e 
embryo- sac, formation of endosjK^rm as in Helobiales, embryo as long as tlie 
seed, small slender generative cell, spherical male nuclei, chrojnosomo numlwrs 
of 9, 18 or 27 and preseiuto of raphides are contrasted with tlie Lilioideie 
features, embryo-sac development usually of the FriiilhriaAyjio, nuclear 
endosjwrm, snmil embryo, largo brotwily spindle-shaped geruTative cell, 
elongated male nuclei, consistent number of twelve chromosomes and the 
absence of raphides, 

Oikawa (1937) has followed the development of the embryo-sac of 
(jardioermum ettrdatum and shown that it follows the /Vi/i/Z^na-type. The 
writc>ir (Joshi, 1937)f has shown that the embryo-sac of Alot %ma is of the 
Aonwi-typo, and the previous observations of GiotilH (iOJK)) on this genus are 
incorrect. Capoor (1937) has studied the development of male and female 
gametophytes of Vrgined indim. Both of those are quite normal. Watkins 
(1937) has investigated the development of the embryo-sac of Yucca rupicola. 
It is of the NorfmUiype, The mature embryo-sac has a tubular chalazal 
portion in which are CKmiained the antipodal cells. Wunderlich (1938) has 
described the ovule, embryo-sac and endosperm of Yucca filamenlom. The 
embryo*aao is of the Nortml-typK^ and provided with a strongly developed 
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hypofttatifl in connection with a well developed vascular system. Develop- 
ment of the en(lo8|x^rm agrees with the Hdohiales-tjpe, the first instance 
confirmed among the Dracaenoideje. Romanov (1938) has studied the deve- 
lopment of the embryo-sac of Tnlipa teiraphylla and 2\ ostromkiana. He 
finds that it shows a modification of the Adoxa~typ^, and thus his observations 
disagree with those of Bambacioni and Giombini (1930) and Bambacioni 
(1931) on Tulipa Gesneriana and 2\ praecox respectively. 

Still moie recently, Schnarf and Wunderlich (1939) have made a 
comprehensive study of the embryology of the tribe Asphodeloidess, investigat- 
ing the genera Aloe, Gasteria, Kniphofia, Ohloropkytum, Echeandia, 
Arthropodimny Bowiea, Dianella, Honta and Lomandra. They find that an 
aril is pi’esent iii the first three genera, but absent in others. A primary 
wall cell is cut off in all except Dianella. The development of the embryo- 
sac follows in very case the Nonnal-type. The development of the endosperm 
follows according to the Helobiale^-type in Chloropkytumy Arthropodium, 
Dianella, Hosta, Kniphofia and Gasteria. In other genera it could not lie 
worked out. Embryo-sac haustoria are found in Chloropkytum, Arthropodium 
and Echeandia. Multiple embryo-sacs occur in Dianella tasmanica. In 
Lomandra the synergids are exceptionally large. The authors in the end 
discass the results of their findings on the classification of the tribe. They 
conclude that the Aloe.’ and Asphodelin.e -gronps resemble each other in many 
characters, viz., bitegmic, krassi-nueellate, arillato ovules, formation of a 
primary wall cell, Norinal-typo of embryo-sac, Helobiales ’type of endosperm, 
simultaneous division of the pollen-mother cells, position of the generative 
cell precisely opposite to the furrow and haploid chromosome number 7, and 
should bo brought together in one tribe. The Anihericnm-groxip differs from 
the Aloe’ and we -groups in the division of the pollen-mother cells in 

a successive manner, absence of aril in the ovule>s, development of embryo- 
sac ha ustoria and the chromosome numlx*r8 H and 16, and should be placed in 
a separate tril>o. 


Structure of the Gynoe^^ium and the Ovule. 

The structure and organization of the flower and the gynoecium is shown 
in Figs. 1 and 2. The gynoecium is tricari^llary and the ovary trilocular. 
The placentation is axile and there are two rows of anatropous ovules in each 
loculus (Fig. 2). Each row consists of three to four ovules (Fig. l)i In an 
exceptional case tlie gynoecium was found to be tetracarpellary and the 
ovary tetralocular (Fig. 3). The extra carpel however was not so well developed 
as the rest. It had only one row of ovules. In another exceptional flower 
both the pollen grains and the ovules were found to be abortive. The septa 
had not fully developed in the ovary in this case, which was conaequenHy 
unilocular and the placentation parietal (Fig, 4). The abortive ovules hod an 
irregular form. 
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Fig6< 1-^6. Iphigenia indim* Fig. 1, longitudiiial sectian of a flower showing tbo 
amuigemant of varioua parte. Fig. 2, tratievoree eoction of the ovaiy (showing the form 
and arrangement of the ovules. The ovules are at the tetrad stage with 2*nucleat6 mega, 
iipom* Fig. 3, transverse section of an oxoepiional tetraoaipellory tetralocular ovary. 
Fig* transverse section of a flower with abortive anthers and ovules, !^7oie the parietal 
plaaentation* Fig. a vascular bundle fhnn the pedicel showing seoondary thickening 
l^y an IhtraflMKuop^ eambium. Fig. x 10; Figa. x 165; Fig. 5, x 1050. 
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A feature of floral organization, which may he mentioned here, is the 
ocourrenoo of a distinct intrafascicular cambium in the pedicel. Shnilar 
intrafasoicular (jambium is also present in the vascular bundles of the bracts, 
young leaves and the nodal regions of the young stems. The cambium 
differentiates along with the primary xylem and phloem, as in a di(JOtyIcdonous 
bundle, and functions in the same manner, forming secondary xylem to the 
inside and secondary phloem to the outside (Fig. 5), but the amount of the 
two tissues varies somewhat in different bundles. In some cases the intra- 
faacicular cambium gives rise to almost equal amounts of secondary xylem and 
secondary phloem, as is the case in Fig. 5, but in other bundles it forms more 
of secondary xylem or phloem. The occurrence of intrafascieiilar cambium in 
the Liliaceae is already known in many members of the family (Joshi, 1939, 
and the literature cited there), bxit there is no previous record of its occurrence 
in the genus Iphigenia. 

The structure of the ovule is shown in Figs. 0-10. There are two integu- 
ments. The outer is mostly three to five cells thick, the inner two to three 
cells. The mioropyle is formed by the inner integument. The nucellus is 
poorly developed. At the tetrad stage it consists of two to three layers of 
cells surrounding the tetrad of megaspores (Fig, 6), but during the development 
of the 2-nuoleatc embryo -sac it is mostly absorbed except at the micropylar 
end (Fig. 8). The embryo-sac from this stage onwards directly touches the 
inner integument. The conical remnant of the nucellus above the micropylar 
end of the ombryo-sac, however, persists up to the mature embryo-sac stage 
(Figs. 9 and 10), and even afterwards. 1 have seeii this to be present during 
the development of the embryo and it is very likely that it pt^rsista even in 
the mature seed. Another feature characteristic of the nucellus is the deve- 
lopment of an epidermal cap. As the megaspore mother cell differentiates 
th(5 (iclls of the nuccllar epidermis at the micropylar end undergo periolinal 
divisions (Figs. 6, 13 and 22). The cells towards the outside formed os a result 
of this division in the central region of the nucellus undergo one more division. 
In this manner an epidermal cap threti cells thick in the center and two cells 
thick at the sides is formal (Fig. 7). 

A tapetum differentiates during the development of the embryo-sac. 
first arises from the cells of the nucellus surrounding the megaspore mother 
cell (Fig. 13). Many of these cells are derived from non-functional arohe- 
sporial cells. They are distinguished from other nucellar cells by their densely 
staining contents. As the nucellus is disorganized by the growing cmlayo-sac 
the cells of the inner epidermis of the inner integument begin to have denser 
contents and stain deeply. They now assume the function of the ta{>etum 
(Fig. 8). 

A hypostase-like strand of cells differentiates in the chalazal |)art of the 
nucellus as in Yucca fUamentom (Wunderlich, 1938). These cells are regularly 
arranged and have dense cytoplasm, but their walls are not lignified (Kg. 7). 
They connect the chalazal end of the embryo-sac in the early stages of ovule 
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Fio». 0-10. IpHgtnia indim* Fortloua or €omplot« longitudinal sootions of ovulea 
showing thoir form and structnro of the nuoellus and integtimoniB at variona ntagaa of 
developinont» Fig. 0, at the young tetrad stage. Fig. 7, w}v»n the mogasporee have 
beootne S-nuoleate. Fig. at the 2'Uueleate embryo-aao stage. Figs* 9- 10. at tlie mature 
embryo-sac stage; Fig. 9, section at right angles to the raphe; Fig. 10. section along the 
raphe. Figs. 0-8. X 3$0; Figs. 9-10. X 44. 
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development with the vascular bundle of the ovule ending in the chalaza and 
probably help in the conduction of the food material from the vascular bundle 
to the embryo-sac. In the later stages this strand of conducting cells is 
destroyed by the growing embryo-sac. I have seen a similar strand of cells 
in the chalazal region of the ovule also in Gloriosa superba Linn, and Gagm 
fascicular is Salisb. It apjxjars to be of common occurrence in the family. 

Dcvekipnieni of the Embryo-sac. 

The papilla-like initials of the ovules differentiate from the margins of the 
carpels before the latter have met in the centre. The archesporiura differen- 
tiates as the carpollary margins meet one another. The inner integument has 
appeared by this time above and below but not on the sides of the nu cell us. 
This is clear from the fact that its initials are visible in longitudinal sections of 
the ovary (Fig. 1 1 ) but not in transverse sections (Fig. 12). The archesporium 
is many- cel led and consists of both hypodermal and sub-hypodermal cells 
(Figs. 11 and 12), though only one cell develops further. The cells surrounding 
the functional archesporial cell take part in the formation of the tapetum 
which surrounds the megaspore mother cell (Pig. 13) and the tetrad of mega- 
spores (Figs. 6 and 7), The cells just below the functional archesporial ceU, 
which are often called supporting cells, by repeated divisions form the strand 
of conducting cells which connects the young embryo -sac with the vascular 
supply of the ovule. 

The functional archesporial cell invariably cuts off a parietal cell, but 
this or its daughter cells never divide periclinally so that only one layer of 
parietal cells is formed (Figs. 7, 13 and 22). In the family Liliacei© os a whole 
the formation of the parietal cell is very variable. The data in this connection 
have been reviewed by Dahlgren (1927), so that it is not necessary to repeat 
them here. Interesting, however, is the fact that in many cases even in the 
same species, as in Polygortaium cmarmiMum^ Medeola virginiam^ Smilacina 
amplexicaulis (McAllister, 1914), Ophiopogon waUicManus (Maheshwari, 1934), 
etc., a parietal cell may or may not be formed. 

The mogaspore mother cell generally undergoes the two meiotic divisions 
in the normal manner (Figs. 13 and 14) and gives rise to a tetrad of megaspores. 
The only variable feature is that the spindle in the micropylar dyad cell during 
the second meiotio division may be orjentMed either lengthuise or transversely. 
The tetrad of megaspores tlierefore may be linear (Figs. 16, 17 and 18) or 
T-shaped (Figs. 16 and 19). Both types of tetrads are met with in almost 
equal proportion. The interesting thing about the further development of 
the tetrad is that all the megaspores become 2-nucleate (Figs. 18 and 19), 
although only the chalazal megaspore which is larger than the rest from the 
very beginning develops into the embryo-sac. The division of the nucleus 
commences in the chalazal megaspore {Figs. 16 and 17) which becomes 2- 
nuoleate. Later the nuclei of other megaspores also divide. Vaouolatiow tsJsm 




Fios, 11-20. Iphigenia imlim. Early Htagoiii in the development of the embryo -«ac. 
Figa, U-12, primary archeaporium. Fig. 13, a micellus with tlie mogaapore rnotJjer cell 
in the prophaae of the first moiotic diviaion. Fig. 14. a mogoapore mother cell showing 
the telophaao of the aeoond meiotio division. Fig. 16, a linear tetrad of megaspores. 
Fig. 16, a T-shaped tetrad with the nucleus of the chalaxal megospore in prophase. 
Fig. 17, a Imear tetrad with the nucleus of the chalazal megaspore hi telophase. Figs. 18 
and 19, linear and T<^shapod tetrads; all the megaspores have reacliad the 2-mxcleate stage. 
Fig. 20, an abnormal tetrad; no wall has appeared after the second meiotio division in 
the mioropylar dyad crfl. Fig. 14, x 1060; the rest, x 720. 
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place in the usual majinor iu the chalazal megas^tore (Figs. 17-19). The other 
mogasporcs generally remain non-vacuolate oven after bet^oiniiig 2-nucleate, 
but oeeasionally in th<^ liiter stages they may develop a vacuole between the 
two rm<;]ei (Figs. 24 and 25) and thus roseinble typical 2 -nucleate embryo- 
sacs. The three mi(^!‘opylar’ megaspor'es always degenerate ultimately, while 
the chalaaial inegaw[)oi‘o develops into the H-nuckaite embryo-sac in the noi rnal 
maimcsr. Tlie 2-nuoloate stage is of very long duration in the development 
(d the (unbryo-siK?. It was most commonly met with in the preparations that 
1 examined, arul the embryo-sac dui'ing this stage undergoc^s gi'eat increase 
in size, as is (dear from tht^ comparison oF Figs. 17 and 26. The 4- and B- 
IW'c-nucleate stages of tire embryo-sac ar*e puss<Hl through (piickly. 

Whil() in most cases tin*, devehipment of the (unbryo-sac follows the meiluid 
desci'ilred above, a f(^w (exceptional cases were also obstu ved. Fig. 20 shows 
one (.►!’ th*^se. ilca-e tiro megasporo mother (;ell has given rist^ trr only tlnce 
eells. The lowest is the chalaxal megaspore, now' 2 -nucleate, which would have 
developed into an H-nucleab; embryo-sac. The next (jcJI is its sister mega- 
spore whkdi has also remdied tlie 2-nn(‘leate condition. Finally there is a cell 
at the upper* cud which is S-inudeate. One of the nuclei is larger ilian the 
otfier two and between the large nucleus and the two smaller* nuclei small 
va<aioles have appeared. The cell is obviously the result of the suppresHiou 
of wall formation aftcu* the second iU(-noti(? division in the micropylnr dyad cell. 
It (jan be regarded as a small 3-mieloate embryo-sac*, developing according to 
the ScillaAyiK) in wdiicdi the division after the 2-nucleate stage has not taken 
place simultanooiisly in Froth the nuclei. 

Other exceptional cases are sketched in Figs. 21-23. The tetrad sket ched 
in Fig, 21 shows only a small departure from the normal behaviour in that the 
megasf)ore sister to the chalazal one has degene ruted frarly. In Fig. 22 no 
wall has app(?arcd in the cjhalazal dyad cell after the second moiotic division. 
Also the nucleus formed towmds the micropylar side is small and likely 
to degenerate during further development. The eml^rya-sac in this case 
would have developed from the cytoplasm of two but nucleus of one mega- 
spore. It would thus be intermediate between the Normal- and the SciUa- 
types. Lastly thrcH5 cases wore seen by me in which it appears that no wall 
had appeared in the chalazal dyad cell after the second meiotic division and the 
nuclei formed as a result of this had been equal in size, so that the chalazal 
dyad cell had directly given rise to a 2-nuoleate embryo-sac (Fig. 23). These 
embryo-sacs dilFored from other 2-nucleate embryo-sacs of the same size in the 
abstmee of any signs of vaouolation and it seems certain that the 8-nucleate 
embryo-sa(! in these cases w ould have developtnl according to tlie *Vc»Zfa-ty|»e, 

The Mature Emhryo-mc. 

The mathre embryo-sac is a lai*ge cylindncjal structure With a pouoh-like 
extension at the chalazal end containing the antipodais (Figs. 9 i^nd 10). 
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Vim. 27*$4. Iphigenia indict. Fig. 27, a normal «gg-AppaT»tu«, Fig, 28, an agg 
and a synergid. Fig. 29, young 1 -nucleate antipodals. Fig. 30, the chalaaal and imon». 
pylar portiona of ^ embryo-eao ahowing the antipodaU, fuaion of polar nuclei and the 
agg-apparatua. Fig. 31, old antipodala. Fig, 32, antipodala aa they degenerate. Figa. 
33-34, chroiaoaomea from the Brat meiotio daviaion in the poUen-moter oelbj Fig, 38, 
polar view of metaphaae; Fig. 34, polar view of early telophaae, Figa, 27-20 and 3142, 
X 720; Fig. 30, X 330i Figa. 33-34, x 1500. 
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The egg has the usual structure (Figs, 27 and 28), but the synergids are of an 
unusual type. Occasionally they may show a small vacuole (Fig. 28). Usually 
they lack any vaouolation and are completely full of dense cytoplasm (Fig. 27), 
Their nucleus is usually near the chalazal end as in the egg. Watkins (1937) 
has also noted that the synergids in Yucca> rupicola are densely filled with 
C 3 d:oplasm. Tlie polar nuclei meet and fuse in the mioropylar half of the 
erabryo-sac (Figs, 9, 10 and 30). The three antipodals are at first small and 
uni-nucleate (Fig. 29), but soon their nuclei begin to divide and they become 
rnulti-nucleate (Figs. 30 and 31). Their number may also iiicrcaso to four 
or five. I have counted up to about twenty-five nuclei in one antipodal cell. 
In the later stages many of these nuclei fuse in groups of 2 -7, The antipodal 
cells also develop prominent vacuoles. V^ery frequently they persist even after 
fertilization. I have seen them in embryo-sacs with about a hundred endo- 
sperm nuclei. The oospore in these cases was however still undivided. As the 
antipodals degenerate they form a plasniodial mass in which many nuclei 
float freely (Fig. 32). Antipodals of the same type in the family Liliaceai 
are present in the genera Veratrum and Zygadenm (Stenar, 1928). 


Chromosomes, 

The upper (rnicropyiar) dyad cell in Fig. 14 shows clearly 1 1 chromosomes 
on the left hand side of the hoinotypic spindle. The same haploid number 
has been counted from the polar views of metaphasc (Fig. 33) and early telo- 
phase (Fig. 34) of the I moiotio division in jK»ilen- mother cells. 


Discussion. 


The most notable feature in the life-history of Iphigenia mdirxi is the 
variation in the development of the embryo-sac. Usually the development 
follows the iVomflfi-type, but occasibnally it takes place according to the Scilla- 
type. Similar variation in the development of the embryo-sac in the Liliaceap 
was observed by Schniewind-Thies (1901) in GatUmia candimns, and recently 
Vigodsky de Phillippis (1936) has found that in Emeus aculmtm the develop- 
ment follows according to the ATorwaZ-type in hermaphrodite flowers and 
according to the iSci/ia-type in the true carpellatc flowers. The following 
are examples from other families in which the embryo-sac develops generally 
according to the Normal-type but sometimes according to the ScUla-type : 
Oxybaphus nyda^inem 


MirabUis Jalapa 
lonopsidium acauk 
Dionaea muacipuH 
Xanthoxylufn alaium 
X, Bufigei j 

Myfiu9 emmunis 


j 


Nyctaginacese 

Crucil’erie 

Droseraceas 

Rutacece 

Myrtacese 


Eoc6n (1927) 

Corti (1930) 
Smith (1929) 

Mauri tzon (1935) 

Greco (1930) 
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Syringa vulgaris 
RhyiidophyUwm crenu latum 
HyjiOMH decmnbens 
tjpvpacUs latifolia 
Epipactis pu besce ns 
Gyrostuchys cernna 
Gyroslachys gracilis J 
Orchis sarnhucina 


Oleaoeae. 

Gesneriacea^ 

Amaryllidacea* 

(Jrohida<^ea^ 

Or(*hidacea‘ 

Ondiidaotvij 


AndersBon (1931) 
ihok (1907) 

Htenar (1926) 
Veriuoesen (1911) 
Brown & Sharp (1911) 

Paeo (1914) 

AfKpfius (1910) 


It is to lx*. Hceii tVom the above that inoHt eonunonly tliiw type of variation 
liaH been obHerved in tlie family Orehidaeea*. The dev^elopment in Iphigenia 
iudica, howevta, iw intereKting in that it Iuih beeri pOHsible to deinoUHtrate 
int(M*mcdiate Bta>?es bt^tween tlie two typos. 

Tlus second feature worth noting in Iphigenia indica is that even the non- 
fumd-ional inegaspores always develop up to the 2“nu(^leate stage. Exactly 
similar behaviour of the megaspores has been observed by Afztdius (1918) 
in sj)eeieH of’ GLoriosa^ and UvuUiria, wdiich is closely relakal to (Horlosa, is 
another genus showing the same character (Sehnarf, 1931). Tiie development 
of geiKwally non-fu notional megaspores into 2-, 4- or 8-nucleato embryo-sacs 
as an abnormality, however, is known ainotig many Liliacejn, e.g., (JaUo7iia 
candienns and Convnllaria ma jails (Schniewind -Thicks, 1901), Velihemia viridl- 
folia (Stilfler, 1925), etc*. In many sixades, in which tho development of the 
embryo -sac follows tho l^cUUi-iype, it frequently happens, when the micro- 
I)ylar dyad <joU dovelo])B into tlm <;omplete ombryo-sac, the ehalazal develops 
up to the 4-ntioI(^ttt(^ stage. Thix is the case in Agraphis {Scilla) patula (Treub 
anti Mellink, 1880), Agraphis nutans and A. campamihM (Gnignard, 1882), 
Scilhi hyacinih/ndfs v. CAt'Tuha (McKenny, 1904), Scilla sihirica (Schniewind- 
Tides, 1901), Scilla nonscripfa (lloaro, 1934), etc. Examples from other 
families of monocotyledons and dicotyletlons in which the generally non- 
functional megaspores undergo further development have bhen reviewed by 
Palm (1915) and Afzolius (1918). 

Other interesting features of the ombryo-sac of Iphigmiu indica are the 
absence of the usual vacuoles in the synorgids and the multi-nucleato nature 
of the antipodals. 

As regards the affinities of the Iphigenieie it is not possible to say much 
just at present on embryological grounds, because so far only one memlK?r 
of the trite has betm investigated. So far as this knowledge go<* 0 , it points 
towards a relationship with the tribe Uvulariefe of Hutchinson (1934), w^bioh 
includes the genera Schelhatnrnera, Uvularia, KreysigiUt Littonia^ Samderaonia, 
Walhria and Qloriosa. These genera with the exception of Uvuhria, which 
is North American, have the same distribution as the genera of Iphigenieie, 
being distribukxi over Africa, Tropical Asia and Australia. Out of these 
the development of the embryo-sac has teen investigated so far only in the 
genera Utmlaria and Gloriosa. With these Iphigenia resembles not only in 
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the behaviour of the »on-fuiictional megaspoi'OH which has Ixjen empliaBized 
above but also m the structure of the nuoellus. My observations (uripubliBhetl) 
on Qloriosa Mtqierha Linn, sliow tliat tiituts is a difForentiation of the tajjetiin^ 
and epidermal cap formation at the luicropylar end of the nucellus of the same 
type as in Iphigenia indica. The mature embryo-sac destroys the entire 
nuoelluH except the c?ap at the niicropylar end. Similai' ixihaviour of the 
nucellus has been figured by AfV.clius (1918, p. 7, fig. 8b) in (Horiosa inresrens 
In allowing resemblance with the genera Zygadmus and Verat'mm in th(? struc- 
ture of the antipodals, f he genus Iphigenia also shows some affinity with thi^ 
tribe Voratreae. 


SlIMIvrARY. 

The development of the embryo-sa<; of Iphigenia indica follows tiio 
NorrtmlAype, occasionally the Scilla-type. An intermediate stage between 
the two ty}M?s is also d(?scrihed. The tetrad of megaspon^s is linear or T-shaped. 
The chalazal megaspore develops intr) the embryo-sac, hut th(^ non-functionaf 
megaspores also always develop uj> to the 2-nue)eate stage. The mature 
embryo-sac has synergids without vacuoles a!\d riiulti -nucleate antipodals. 

The ovules are anatropous and hitegmic. The inner, integmnent forms 
the inicropyie. The nucellus is fxiotiy developed and possesses an epidermal 
caj), It is mostly absorbed by the growing cmbryo-sac ex<^ept the small 
cap at the micropylar end. The functional ar<diesporiiil cell cuts off a parietal 
cell. 

The tribe Iphigeniea^ appears on einbryological evidence to be related tn 
the Uvularicie^ It also shows some affinity with the Veratrea\ 
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Eleventh Ordinary General Meeting. 


The Eleventh Ordinary General Meeting of the National Infltitute of 
Sciences of India was held at 11-30 a,m. on Wednesday, the 5th April, 1939, 
in the hall of the Royal Asiatic Society of Bengal, 1, Park Street, Calcutta. 
The following Fellows were pi^sent : — 

I-tt.-Col R. N. Ciiopra, PrcsuUnU (in the Chair). 

Prof. J. N. Mukherjoo, Addilionnl Vice-President. 

Prof. M. N, Saha, Additional Vice-President. 

Dr. B. S, Giihft, Honorary Treasurer. 

Pntf. S. R. Boho. 

Dr. B. N. Chopra. 

Prof. S. Datta, 

Mr. D. Hcmlry. 

Dr. S. L. Hora. 
l>r. H. B, Dal. 

Prof. S. K. Mitra. 

Prof. P. Noogi. 

Dr, H. SrinivHxaa Rao. 

Primnpal J. M. Son. 

Dr. A. C, ITlsil. 

Pn:>f. S. P. Agharkar, Honorary Secretary, 

Besides the Fellows there were also some visitors present. 

1. The minutes of the Fourth Annual General Meeting were read and 
confirmed. 

2. Mr, D. Hendry signed the duplicate obligation and was admitted a 
Fellow under Rule 13. 

3. The following papers were road and discussed : — 

(1) Reflection and absorption of electro-magnetic waves in the Iono- 

sphere. By K. B. Mathur. (Communicated by Prof. M. N. 
Saha), 

(2) Studies on the Ionosphere at Allahabad. By B. D. Pant and 

R. R. Bajjmi, (Communicated by Prof. M. N. Saha). 

(3) Structure and development of the Embryo-sac of IpMgenia indicAi. 

By A. C. Joshi. 

(4) Physiology of respiration and evolution of air-broathing Fishes. 

By S. L. Hora. 

(5) On the burrowing habits of the Gobioid Fish Tmnioide^s rabicundus 

(Ham.) in the Andamans, By H. Srinivasa Rao. 

(0) ImfK)rtanee of dialysis in the study of colloids. By B. N, Desai 
and P. M. Barve. (Communicated by Dr. 8. K. Banerji). 

With a vote of thanks to the chair the meeting terminated. 




THE EXTENSION OF THE (O, O) BAND OP OD, 


By M, Ishaq, M,8c,t D.LG., Department of Phyaics^ Muslim 

University^ Aligarh, 

(Communicated by Professor M. N. Saha, F.R.S.) 

(Received May 26, 1939.) 

The tail end of the OD spectrum taken in the 4th order of a 10-foot concave 
grating described in the Proceedings of the Naiicmal Institute of Sciences, CalctUta, 
Vol. Ill, No. 4, pp. 389-409, 1937, was measured and the (0, 0) band has 
been considerably extended. ^ 

Measurements were made by comparison with the iron arc. The iron 
standards were taken from Kayser Handbuch der Spectroskopie, Vol. VII. 
The dispersion of the grating in the region of the spectrum is about 1*3 A/mm. 

The branches Qj and Q2 are extended from Kgs to Kgy and K24 to Kgr 
respectively, Pj from Ki7 to Kjp and Pg from Kjo to Kg4. These extensions 


are given in table I. 

TaBIJ! I. 


K 

Qi 

Q2 

24 


31963-67(3) 

26 

31937-66(3) 

909-33(3) 

26 

890-64(3) 

862-98(2) 

27 

841-43(3) 

814-54(3) 

28 

790-23(3) 

763-99(3) - 

29 

736-97(3) 

711-21(3) 

30 

682-06(3) 

666-87(3) 

31 

624-68(4) 

699-80(2) 

32 

664-89(3) 

640-49(3) 

33 

602-86(2) 

478-81(3) 

34 

438-41(2) 

414-92(3) 

' 86 

371-64(2) 

348-46(3) 

86 

302-33(1) 

279-64(2) 

37 

230-77(2) 

208-60(2) 

K 

Pi 

P* 

16 


31067-13(3) 

' '.17 

81961-74(2) 

912-66(2) 

18 

904-00(2) 

866-40(2) 


a. 
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K 

Pi 

Pa 

19 

85404(3) 

818-50(3) 

29 


768-91(3) 

21 


717-77(3) 

22 


066-27(3) 

23 


610-74(3) 

24 


554-51(2) 

The rotational term 

differences for the state are calculated by the 

method described by the 

author in the previous 

paper referred to above. 

These differences from the extended branches are shown in table 11. 

Table II. Rotational Term Differences 

Foa THE *2 State. 


R](K-i“l) 

R2(K + 1) 

K 

— 

— 


Pi(K + l) 

p2(K+l) 

15 

575*80 

676-97 

10 

008*35 

608- 19 

17 

040*37 

639-46 

18 

071 00 

069-53 

19 


698-72 

20 


726-01 

21 


763-08 

22 


778-46 

23 


802-54 


The rotational term differonceH for the 2/7 state are calculated by the 
same method as employed by the author in 1937. Those ditferencjcs are given 
in tables III and IV, 


Table III. Rotational Term Differences for the State. 



Ri(K) 


Qi(K) 

K 

— 

K 

... 


Qi(K+l) 


Pi(K+l) 

24 

468-43 

10 

322-76 

26 

484-77 

17 

340-33 

26 

600-86 

18 

357-64 

27 

616-60 



28 

632-16 



29 

646-91 



30 

661-42 



31 

676-97 
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Table IV. Rotational Term Differences fob mB 2I7| State. 



R^IK) 


Q2(K) 

K 

Q2(K+1) 

K 

P2(K+1) 

23 

436-52 

15 

305-19 

24 

447-72 

16 

323*19 

25 

459-38 

17 

340-95 



18 

358-50 



19 

376-71 



20 

392-67 



21 

408-97 



22 

426-32 



23 

441-38 


Tho mean of the /I -doubling in the levels F(K) and F(K-f 1) are given in 
table V. 


Table V. /I-Dodblinc. 


K 

877j state. 

2/7j state. 

14 

-2-85 

~0*90 

15 

-3-36 

-1-05 

16 

-3-50 

--1*28 

17 

-3-64 

-1-46 

18 

-4-01 

-1*36 

19 

.... 

-0*94 

20 

.... 

-0*36 

21 

.... 

+0-18 

22 

.... 

+ 1*42 

23 

.... 

+2-93 


The rotational constants for the upjier and lower states are not appreoiably 
effected by these extensions. Their values have been reealeulated and are 
given in table VI. 


Table VI. Rotational Constants fob the (0, 0) Bands of OD and OH. 


OD 

OH 


9 039 
16-956 


D'r 

0-580x10-8 9-870 

2-00x10-8 18-516 


D' 

0*450 xl0"3 
1-82x10-8 


Values for the OH band are taken from Tanaka and Koana, Proc. Physico* 
Malh. Soc, Japan, 15, 272 (1933). 




HEAT OF lOJ^IC DISSOCIATION OF THE CHLORIDE AND BROMIDE 

OF RUBIDIUM. 


By B. N. Sbivastava, Lecturer in Physics, Allahafnid University, 

(Communicated by Prof, M. N. Saha, D.Sc., F.R.S.) 

{Received April 24, 1939,) 

The heat of dissociation of an alkali halide vapour MX into its constituent 
ions — the positive alkali ion M+ and the negative halogen ion X", may be 
oalied the *heat of ionic dissociation’ of the MX molecule. This quantity is 
of great theoretical importance as a knowledge of it directly enables us to 
calculate the lattice energy of the crystal and also the electron affinity of the 
halogen if certain therm ochomical data bo known. For this reason during 
recent years various attempts have been made to determine this quantity both 
theoretically and experimentally. 

Among the theoTotical attompts the most important work is that of 
Max Born and J. E. Mayer (1932) who have improved upon the older theory of 
ionic crystals by taking into account some additional factors and obtained a 
formula for the lattice energy . This has been utilized by L. Helmholtz and 
J. E. Mayer (J932) and others for calculating the lattice energies of the alkali 
halides and some other salts. M. L. Huggins (1937) has recalculated the 
lattice energies by taking into account more recent data. From these results 
the heat of ionic dissociation arid also the electron affinity can bo calculated 
and this has been done by L. Helmholtz and J. E. Mayer (1932) by utilizing 
thennoohemical data, while J. E, Mayer and I. H. Wintner (1938) have recal- 
culated the values of the heat of ionic dissociation and some other quantities 
for some halides in the light of more recent data. 

On the experimental side the work was started by J. E. Mayer (1930) 
who investigated the dissociation of the iodides of caesium and potassium 
and later, in collaboration with L. Helmholtz (1934), he worked with RbBr 
and NaCl. Their apparatus was not suitable for very high temperatures 
and in fact their experiments with RbBr extend only up to 1046°C. In order 
to carry on the work at much higher temperatures an improved apparatus 
was constructed by M. N. Saha and A. N. Tandon (1930) which was utilized 
by them (1937) for studying the dissociation of KCl, NaCl and liCl, and by 
A. N* Tandon (1937a, 1987ft) for investigating the dissociation of KBr and 
NaBr, and KI and Nal. The principle of this method is to lead the alkali 
halide vapour MX into a chamber maintained at a high temperature and 
determine the quantity of M+ and X- ions formed as a result of thermal 
dissociation by measuring the respective ion currents obtained by the effusion 

Vol. Y— No. 3. 
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of these ions through a narrow orifioe. The vapour pressure of the alkali 
halide is known from the temperature of the subsidiary furnace. We can 
then determine the equilibrium constant of ionic dissociation from which the 
heat of ionic dissociation is easily calculated with the help of the usual 
dissociation formula. 

In all the foregoing investigations no attempt was made to distinguish 
the negative ion current from the electron current. The present author 
(Brivastava, 1 938) improved the apparatus by inserting a pair of electromagnets 
in such a position that the magnetic field was perpendicular to the effusing 
ion beam. Thus by applying a suitable magnetic field the electrons were 
deflected off and the negative ion current alone measured. In this way the 
heat of dissociation of Rbl and Lil was found. In the present paper the 
same apparatus has been used to study the dissociation of RbCl and RbBr. 
The lattice energy of these halides and the electron affinity of the halogens 
have also been calculated, 


Theory. 

When the alkali halide vapour MX enters the region of high temperature 


the following reactions take place : — 

MX5±M+X~-D, (1) 

MX^^M-'+X'-Q (2) 

M?sM++e-lM. .. y .. (3) 

X 5^ X^6— . . . . , , , , ^4) 

Xj ^ 2X-D', (5) 


whore D is the heat of atomic dissooiation of the alkali halide, Q the heat of 
ionic dissociation, the ionization ]K>tential of the alkali, M, Ej^ the electron 
affinity of the halogen atom and D' the heat of dissociation of the halogen 
molecule. In addition to these, some X+ and M- ions may also be formed 
due to the electron affinity of the alkali atom and the ionization of the halogen 
atom but their amounts will bo negligible on account of the very small electron 
affinity of the alkali atom and the high ionization potential of the halogen 
atom. (In fact Glookler (1934) by a semi-empirical interpolation found for the 
electron affinity of Li and Na the values +0-34 and -1-0-08 volts respectively.) 
It can bo shown from thermodynamic theory that the dissociation constant 
Kj of the reaction (2) is given by the formula 

log Kj » log 1 „ _ ^-+1 log T+log ( 1 




OF THE OHLORIDB AND BBOMIOB OF KtrBJDXUM. 


316 


M'^here v is the frequency of linear vibration of the atoms in the molecule of 
the gaseous halide MX, I the moment of inertia of the molecule and 
the masses of the ion or the molecule. 

Prom considerations of Born's cycle we got 

Ex - D+Im-Q (7) 

and the lattice energy is given by 

^(ro)=Q+LxM. («) 

whore Lmx the heat of sublimation of MX at the absolute zero. 


Afpakattts. 

The demountable vacuum graphite furnace employed in these experiments 
has been described in detail by M. N. Saha and A. N. Tandon (1936). The 
internal arrangement followed here is slightly diiferent from theirs and has 
been fully described by the author (Srivostava, 1938). The electromagnet 
and the auxiliary furnace as described there were employed in this work also. 
Two sizes of auxiliary furnace were used for giving two sets of readings with 
differing vapour pressures. Further, it was found more convenient to prepare 
the auxiliary tube in one piece by boring from one side up to some depth. 

The effusion beam is limited by a diaphragm of radius r placed at a distance 
d from the effusion hole. Behind the diaphragm is a Faraday cylinder 
connected to a sensitive galvanometer and suitable positive or negative 
potentials wore applied between the Faraday cylinder and the diaphragm in 
order to collect the ions of the desired charge. Under these conditions it can 
bo shown (see Srivostava, Uk. cit.) that the galvanometer current i is given 
by the relation 

. _ e^S r® 

’ r^+d^ ' 

whore S is the area of the effvision hole, p and T denote the pressure and 
temperature of the ion inside the furnaoe. The equilibrium constant Kj 
is therefore given by the relation 


Ka 




MX 


2w/fcT 

e2g8 \ r8 y 


iU- 


P 


■ \/m ,m 
^ M+ X- 


MX 


.. (9) 


All the quantities occurring in this equation can bo experimentally measured 
or are otherwise known, and hence Ka can be calculated. Then using this 
value of Ka and substituting the values of the other quantities in (6) Q is 
found out. 

There is however some uncertainty in the value of the pressure of the 
halide vapour in the main furnaoe. It may be remarked that in all the 
theoretical or experimental work so far undertaken, the assumed values of this 
Vapour pressure were quite imoertain, being obtained by extrapolatbn far 
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beyond the range of observations (most often extrapolated from the liquid 
state to the solid state). The error in p due to this cause has been variously 
estimated between 60% and 6(X)%. Thanks however to the work of J. E. 
Mayer and I* H. Wintner (1938) the vapour pressure of some alkali halides are 
now known with certainty in the desired region and these have been utilized 
in this paper. The vapour pressure has been calculated from the equation 

A T 

logio P “ - Y "■ ® 

where the values given by Mayer and Wintner for the constants A arui C 
have been substituted. This however gives the vapour pressure in the 
auxiliary furna<?e from which we have to calculate the vapour pressure of the 
salt in the main furnace. At such low^ pressure those two vapour pressures 
will be different. It is the case of a tube of varying diameter and having a 
temperature gradient. In this citse it is not possible to obtain an absolutely 
rigorous expression for the pressure difference between the ends of the tube. 
Knudsen (1927) has studied the phenomenon in considerable detail and has 
obtained semi -empirical formula? which are valid over limited ranges of the 
ratio of tube diameter to free path. He has shown that for a circular uniform 
tube, the relation connecting p and T along the tube must be of the form 

<«■> 

where r is the radius of the tube and A the mean free path. In the general 
ciise, ^(r/A) is a complicated function of r/X involving several empirical con- 
stants; when however rjX is small in comparison to I, <^(r/A) assumes the form 

where a is some empirical constant for the gas. In order to obtain the 
correct value for the pressure difference one should express A as a function 
of p and T and substitute this in (10) and integrate. This is hardly 
possible here since A cannot be expressed correctly os a function of p and T 
and the empirical constants will also be different, depending upon the gas 
and the tube. Further, in our case r has not the same value at all places. 
The pressure cannot therefore be determined accurately and we can as a 
rough approximation assume that it is given by the full ICnudsen effect, i.e. 
Px/P*z ** VTi/Tb, a value given by (10) when rjX-^O. In those experiments 
A is generally several times greater than r and hence this assumption is not 
far wrong. In any case the pressure pj must lie between Pa and pa V^Ta/Tj and 
the maximum error in p^ cannot exceed 40% and the resulting error in Q 
barely exceeds 1%. There is however yet another uncertainty in pi fin* the 
above formula holds for a non-diasoeiating gas. In the present case the 
phenomenon is complicated by the dissociation of the vapour into various 
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components (equations 1-5) but sincHj the degree of dissociation is small the 
above result will not be much affected and in the present paper all such effect 
will be neglected. This point will however be separately discussed theoretically 
in a subsequent paper. 


Experimental Prockoure. 

First the graphite tube was thoroughly degassed by prolonged intermittent 
heating for several hours after which the blank currents from the empty tube 
diminish to a negligible value. Then the salt was introduced and the furnace 
heated. When the steady state was attained the currents were measured at 
2 volts with different currents through the electromagnet and for purposes of 
calculation the constant values of the negative and positive currents were 
utilized. It was however found that the temperature of the graphite furnace 
is not quite uniform as is evident from the manner of heating. The temperature 
at the centre is practically constant over a large length but falls appreciably 
near the ends. Thus to some extent the problem is analogous to the pheno- 
menon of dissociation under a temperature gradient which has been discussed 
by Dirac (1924) under ordinary pressures, but his analysis will not be applicable 
to this case since here the pressure is very low. We will however neglect the 
effect of the temperature gradient and simply take the mean temperature of 
the graphite tube for our calculations. The procedure is approximately 
justified since the temperature gradient is small and extends over a small 
region. For this purpose the temperature of the graphite tube was measunnl 
at several places and the average calculated. This is however the chief source 
of error, since errors in T by a few per cent affect Q te the same extent. In 
view of this uncertainty we shall neglect the very slight difference of 
temperature (about 5 or 10") between the inside and outside of the graphite 
tube as shown by Powell and Schofield (1939) and also the difference between 
the true temperature and the blackbody temperature of the graphite tube as 
the emissivity of the latter is quite high. 

The experimental results obtained with RbCl and RbBr are tabulated 
below (Tables 1 and 2). The salts were recently supplied by Seberring- 
Kablbaum and were extra pure and anhydrous. The experiments were 
repeated at different times and practically consistent results were always 
obtained. 


Rubidium Chloride. 

Diameter of effusion hole «=» 1*93 ram. 

Radius of the limiting diaphragm » 0*42 cm. 

Accelerating potential 2 volts. 

Current sewtivity qf the galvanometer » 1*59 x 10’*^ amp./mm. 



Mean tempei 
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TABr.K 1. 


Mean temperature of 
graphite furnace in 
°C. 

"SJ 

ii 

Kt. 

I » 

d 

*4-) S 

0 g 

ag 1 

Pi 

1 

Distance between : 

effusion hole and limit- | 
ing diaphragm in mm. | 

i 

1 

Current through electro- j 
magnet in amps. 

e 

-2 

u 

cn 

-§ 

<11 

> 

« a 

M> g 

i 

Positive deflection in ! 
mm. i 

1' 

ot 

i 

1 

.3 

fMlI 

X 

04 

Q in kilocals. 

1440 

871 

11*27 

20-5 

! 0 

142x3 

95 

12-77 

115-2 





1 

82x3 








4 

74x3 








5, 6 

73x3 




1470 

878 

14-50 


1 

1 0 

71x 10 

55 X 3 

28-22 

114*4 





1 

152x3 








4 

131x3 





1 



5 

125x3 








6 

120X3 








7 

118x3 




U05 

881 

15*73 


0 

08x10 

69x3 

30-02 

1 140 





1 

167x3 








4 

156x3 








6 

140x3 








6 

144 








7 

143x3 




1540 

803 

22-86 


0 

320x10 

112x3 

101 -7 

1 14-5 





1 

162x10 








4 

127x10 








6 

112X10 








6 

340x3 








7 

325x3 








8 

320x3 




1380 

879 

14-78 

i 21-0 

0 

2)0 

62 

4-775 

114-3 





1 

160 








4 1 

153 








5, 6 

152 




1405 

888 

19-79 

i 

0 

126x3 

08 

9-012 

114-0 





1 

280 








4 

246 






1 


5 i 

241 









240 




1420 

880 

20- 18 


0 

148X3 

106 

11-7 

114-1 





1 

108x3 








0. 7 

08x3 




1 4X0 

t»04 

ai-85 

»» 

0 i 

01 X 10 

63X3 

26-04 

115-3 





1 

230x3 








6 

189x3 








7 

187x3 




1450 

800 

2604 

** 

0 

245x3 

132 

17*62 

114-8 





1 

186X3 



1 





7 

165x3 



i ■ 
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Mean temperature of j 
graphite furnace in 
®C. 

' 

I ^ 

'S°S 

ii 

1 

Vapour pressure of salt | 
in auxiliary furnace in ; 
dynes/cm*. 

t 

j 

Distance between 

effusion hole and limit- ; 
ing diaphragm in mm. 1 

Current through electro* , 
magnet in amps. i 

! 

Negative deflection in 
mm. 

a 

a 

1 

W d 

8 1 

>N 

s 

tn 

■S 

1 

X 

N 

W 

sS 

'3 

1 

-a 

a 

1440 

893 

22*86 

21-0 

0 

185x3 

no 

12-98 

115*1 





1 

146x3 






1 


4 

128x3 








5 

122x3 








6 

118x3 








7 

117x3 




1425 

888 

19*79 

* f 

0 

164x3 

92 

12*56 

114*2 





1 

130x3 








4 

120x3 








5, 6 

HBx3 





Moan Q tsi 11 4 0 Real. 

Lattkie Energy «=* 114‘6+61‘3 = 16,5*9 Koal. 


Rubidium Bromide. 

Diameter of the effusion hole = D93 mm. 

Distance between eflFusion hole and limiting diaphragm = 19*5 mm. 


Tablk 2. 




Temperature of graphite 
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1 

Temperature of graphite 
furnace in ®C. 

Temperature of auxi- i 
liary furnace in ®K. 1 

i 

Vapour pressure of salt 
in auxiliary furnace in 
dynes/cm.* 

CJurrent through electro- 
magnet in amps. 

Negative deflection in 

mm 

Positive deflection in 

mm. 

01 

1 

1 

.a 

o 

X 

M 

w 

4 

s 

0 

3 

.a 

<y 

1420 

844 

7-109 

0 

142x3 

52x3 

8-077 

108*3 




1 

127x3 







4 

112x3 







7 

110x3 




i:i7o 

834 

6-213 

0 

280 

85 

2-640 

107*6 




1 

217 







4 

200 







7 

197 




1 uo 

800 

12-23 

: 0 1 

335x3 

75X3 

10*23 

106-4 




* i 

275 x 3 







4 1 

242x3 







7 

' 1 

220X3 




1480 

89H 

39'8« 

0 

167 X 10 

83x10 

20-89 

107-9 




1 i 

148x3 







4 i 

119x3 







; 5 

116x3 








114x10 




1435 

885 

26-92 

0 

133 X 10 

«3x 10 

21-81 

1O4-0 




1 

121x10 







4 

117X10 







7 

108X10 




1405 

875 

19*71 

0 ! 

84x10 

43x10 

11*51 

106-2 




1 

77 X 10 







4 I 

66x 10 







’ 1 

62 X 10 




18U() 

866 

15-08 

i 

0 ! 

176x3 

91 X 3 

5*675 

ioe-« 




1 

148x3 







4 

133x3 







7 

124x3 




134fi 

850 

8*76 

0 

238 

loo 

1-661 

107-7 




1 

200 







4 

170 







7 

165 




l»fi5 

864 

10-14 


90x3 

120 

1*862 

107-0 




1 

75X3 







4 

65x3 







7 

63x3 





Mean Q » 106-9 Koal. 

Lattice enetgy ^ 106-9-f 61-2 =» 166-1 Koal. 

Electron aflfmity of bromine *= D-f ^ 90-4+96*0-106-9 « 79*6 KcaL 
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The various data utilized in this paper are given in Table 3, and are 
generally taken from Helmholtz and Mayer (1932) or Mayer and Wintner (1938), 


Tabi.® 3. 


Salt. 

1 

Moment of 
inertia of 
molecule in 
ga«eoTi» state 
X U)** gni. 
cm.® 

Charac* 
teristio 
frequency 
of vibration 
of molecule 
in gaseous 
state in 

Heat of 
(lissociatiou 
into neutral 
atoms in 
Koals. 

Heat of 
sublimation 
at absoluUi 
zero in Kcals. 

Heat of 
lomzation of 
alkali in 
Kcals. 

RbCl 

2-78 

263 


61-3 

96-0 

RbBr 

602 

198 

90-4 

61-2 

96-0 


The value of the heat of dissociation of RbCl into its atoms as given by these 
authors, however, does not seem to be correct. There is considerable divergence 
in the recorded values of this quantity. The values are as follows: — 
Soramermeyer (1929) from spectroscopic experiments obtains D>90*5 while 
from chemical data he e8timatf3s it as 120 Koal; Helmholtz and Mayer from 
thermo-chemical data put D = 97-4 while Helmholtz and Wintner’s recent 
estimate is 101-5, Under the circumstances it apjiears better to assume the 
value of the electron affinity of chlorine, a quantity better kiiown in various 
ways, and then use this value to find I> from equation (7). Assuming Ej^ 
for Cl = 86*0 wo get D == 104-6 Kcal, a value which the author considers 
quite probable since it is expected to be greater than the corresponding quantity 
for KCl for which the average recorded value appears to be about 101 Kcal. 
It may be worth while to remark that this uncertainty in the value of D does 
not cause any error in the value of the heat of ionic dissociation or the lattice 
energy. 


Disoxtssion of Rbsttlts. 

For the sake of comparison with other determinations the values of the 
heat of ionic dissociation, the lattice energy and the electron affinity of the 
halogen as obtained in this paper are recorded in Table 4 along with other 
known values. The results obtained here are seen to be in general agreement 
with other determinations. 

The chief sources of error in the experiment are the non-uniformity in 
the temperature of the graphite tube, the error in the determination of tempera- 
ture by the optical pyrometer, the uncertainty in the assumed values of the 
vibration frequency and the moment of inertia, the actual vapour pressure 
in the main fumaoe, etc. The error due to all these causes combined is not 
likely to exceed ±8 Kcals in the value of Q. 
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Tabi-k 4. 



1 Kubidiurn Chloride. 

Rubidium Bromide. 


1 Heat of 

Lattiijo 

1 

RIeetron 

aftiuity 

I Heat of 

(iiKeiocia> 

Lattice 

Electron 

alHnity 


tioii ill 
Keal. 

eiit^rgy 
in Kcal. 

of 

chlorine 
in Kcal. 

tiori ill 
Koal. 

oni^n'gy 
in Kcal. 

of 

bromine 
in Kcal. 

Kxperinmital : 







F'wiweiit author 

1146 

165*9 


106*9 

158-1 

79-5 

Holmholtz A Mayor (1934) 
Saha A Tamlon (1936) . . 



86*6 

102-3* 

151-3 + 4 

84*2 

I'audon (1937) 






80-0 

Aiigerer A Miillor (1925). . 



86*6 7 
89*6 j 



79*1 1 
81-3) 

(joldsUiin (1938) 



85*2 











Bolmholtz A Mayor (1932) 

107*7 

l«0-7 

86-5 

104-5 

153-5 

8J*5 



(mean) 



(mean) 

HuggiriH (1937) 

110-7 

1020 

86*0* 

104-9 

1561 

79*5* 


1 

1 

(tnoan) 



(mean) 

Mayer A Wintner (1938) 

109-4 


88*1* 

102-.3 

. . 

84*1* 


• Values calculatied by me from their results. 


In conclusion I wish to express my sincere thanks to Prof. M. N. Saha, 
F.R.S., for his vahiable guidance throughout the work. Our thanks are also 
due to the Royal Society of London for giving a grant which enabled us to 
construct the furnace and buy its accessories. 


Summary. 

The thermal dissociation of RbCl and RbBr vapours into their ions has 
been exiHjrimenUlly investigated in the temperature region 1350“-1650''C. 
with the help of an apparatus already described by the author elsewhere. 
The coiuiontrations of the positive alkali ion, the negative halogen ion and 
the electron inside the furnace have been measured and from these the equili- 
brium constant of ionic dissociation at different temperatures has been deduced, 
A theoretical formula then enables us to calculate the heat of ionic dissociation 
of the salt, the values obtained being 114*6 Koal for RbCl and 106^9 Koal 
for RbBr, The lattice energies come out to be 165*9 Kcal for RbCl and 158*1 
Koal for RbBr, Using Born cycle we get from these measurements the value 
of the electron affinity of bromine to be 79*5 Koal and the heat of dissociation 
(atomic) of RbCl equal to 104*6 Kcal. These results in general agree with 
other known determinations. 
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ABSORPTION OF ELECTROMAGNETIC WAVES IN THE EARTH^S 

ATMOSPHERE, 

By R. R. Bajpai, M,Bc* and K. B. Mathtth, MBc., Department of 
Physics, The University y Allahabad. 

(Camrnunicat/od by Prof. M. N. SaJia, F.R.S.) 

(Received April 22ndy Um.) 


Intiioduotion . 


The problem of abHorption of radio w^aven in the upper atmosphere has 
been atta(iked by several workers. Actual lunnoricjal cjalculations of th<i 
values of refractive indices and absorption coefficients for the two magneto- 
ionic components have been carried out by Ooubau (10^15) for Munich and 
by Taylor (1934) for Slough. Martyn (1934) has done the same for magnetic; 
latitudes of O ’, 45” and 90 '. Analytic/tilly the problem has been examined 
by Booker (1935), Toshniwal (1930) and others (1930) ; but these authors 
have restri(;tod their treatments to values of B (the angU; betwHMm the direc- 
tion of propagation and the Earth’s magnetic field) between certain limits. 
The object of the present paper is to give an analytical troatnmnt of general 
applicability anti to show that for (certain latitudes rcHults contrary to those 
expected before may be obtained. 

The notations used arc 


« as — , Larmor frequency 
/* me 


V 

N 

Po^ 


V 


w 


Ct) 




eh 

, components of I»armor frequency 

pulsatanoe of electromagnetic waves 
i number of electrons per ou. cm. 

m 

t collisional frequency, i.e. the number of times an electron 
<jollides with a neutral particle |)er second. 

p 

P 
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V 

p 


k 


-?:s 

ick 

P 


, oomplox refractive index 


al>sorption coefficient 
oliarge on an oloctron 
mass of an electron 
velocity of light in vacuo. 

The suffixes o and x denote quantities jK^rtaining to the ordinary and the 
extraordinary waves respcictively. Wo start from equation (3.1) of paper 1 
(1938), but we shall make the result more general by putting 


e : 
m : 

c ■ 




Wo ure using q in place of p of the previous paper. 

We got from equations (2.14) of the same paper 

qA ’IS D 
qB *= — C 
qOm^ilA-K^B 
qDmKiA -iLB 

exactly as in relations (3.2) of paper 1, and the remaining treatment is identi- 
cal. We get, corresponding to (3.6), 


where 


An. 
K22 ' 
Li 


Kn-BpJ 

K2t—Lpj.) 


(1) 


1 


1— r 


C 

/32-rj8 

~~C^ 


ru, {r-p) 
C 


C » /9(/3*-w*)-r(i8e-«..a) 
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Ku-K.^ 


It can be easily shown that the refractive indices for the two inagnetoionio 
components ai'e given by 

^ _ ^1+ f I “J j 




(r-p)(<^+rp-p^)^ r Jl+ I ^ 


2{r-/8)<«. 


r- (2) 




These expressions have been deduced in different ways by Appleton 
(1932), Hartreo (1929) and Forsterling and Lassen (1933). They can also be 
put as 

q. = 1 + ) 


I / «»/ 


.. ( 2 ) 


gji as 1 + - 




and this is the form in which they have been generally discussed. 

Since /3 sa 1— t ^ , we can split up and g,* into real and imaginary 
parts. We may put q in the form 




so that the wave is given by 


-fkdz 

y™Ae e c 

Now the general expressions for k and fi are rather complicated. Wo first 
try some simple cases and hence derive results of general application. 


Cate /. 




(Quasi-transverse) . 


Under the above condition, equations (2) reduce to 

-I 

- 1 r-r 
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Wo rewrite thorn m 


whore 


9o 


1 - 


1 + 82 



1+2)3 


. rS V 

* 1 + 8 “ I 

RD { 
‘*1+D*) 


( 3 ) 


1 + 


R 


(r-lK3 


, 2 ) = 8 


1 + 


(f-l)3 + S* 
From (3) it can Ije easily deduced that 


1 + 


(r -1)2+83 


(r-l)2+82 


l+S')] 




"p^ 

cH 


(4) 

(5) 

(6) 
(7) 


We easily notice that the above expressions for * and k^, * are resiiectivoly 
of the forms 




c3 k^ 


whore 


P 


2 

X,- 1- 

X' = 1- 


Y 

1+8* 

R „ 


rS 

1 + 8 * 

RD 


1 + 2)2 


1 + 2)2 ■ 


Those forms clearly show that neither fi* nor 


c2F 


can over be zero, 


-1 

unless 8 is zero. Wo, of course, neglect the case of r a« 0, when we will have 
*«, , “ 0 and » 1. 

When 8 « 0, ^ = 0, ,x, * » 1 -r and /a,* « 1 -22. 

But as long as 8 is greater than zero these expressions have definite positive 
values. We also observe that so long as X is positive 

, C 2 
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but when X bocotno8 negative 


Cme IL 


*2 ^ ^ o,x 


1^2 (r^P ) 


>> 1 (QiuiBi-longitudinal). 


Equations (2), under tliin condition, I'cduce to 


<7.^ « i- 


I <*>z 




We rewrite the above equations as 

= 1 *jl±,i^Jj 


Hence 


" (1+ 1 <«. 1)2 + 82 (1+1 a.. 1)2+82 

_ 1 _ I I ) _{ >•8 

“ " (1- I tuj )2 + 82 (1- I a.. I )2+S2 




r(l+ I tu, I ) 
(1+ I CO, I 2 + 82 


J-[a^ 

+[.-n 


rS 

<«. I ?+82 

r^+ I w 

(i+ I I 


„ 1 ( /f , _ >- (1+1^. I) T.r 

1.2 2(VL (1+ I O,, I )2 + 82j + _ 


(1+ I O,. I )*+82 

, r(l+ I <..* I 


( 1 + I w. 




. 1)2+82 Jj •• 

\<Oe\) 11 

'.!)*+ 8 *Jj •• 


1_ i ) 

(1- To,. iT^+s^' 




)2 + 8sJ •••|_(|_ I o,.| )2 + 82j 

+ri__ii!zij- 5 iLi] .. (, 2 ) 
a - 1 <«'. I )‘‘+ 8 *Jj 

l a.,1) T,f" rS f 
|)2 + 82j +L(1- To,. l)* + 82j 


Theae expresaions also are of the same form as that of the expressions 
derived in tlie previous ease and we can write them as 
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where 




2 

=e 


2^^ 



1 


p _ 1 >"( 1+ 1 I ) 

” (1+"| I )2 + 82 

P _ 1 I I ) 

( 1 - 1 ) 2+82 


” (1+ I «>. I )®+8* 

1 ) 2 + 8 * 


Obviously, =» 0 only when either r = 0 or 8 = 0. In the former case 
(r =: 0), ^ btuiome unity while in the latter case (3 = 0) 


1- 


1+ 1 <tt. 




1- 


1- 


We are however interested in the propagation of radio waves in the iono- 
sphere where neither r is zero nor 8 is zero. Hence under these conditions 
none of the four quantities iXo, ^ and * over becomes zero ; so long as p 
is positive 


but when p becomes negative 






O, X 




§ 2 . 


We shall divide absorption into two regions, viz., the non-reflecting lower 
region (where the density of electrons is very small) and the reflecting region 
where the value of the refractive index becomes very small. We have now 
to find out whether the propagation of waves in the above two regions is 
governed by Case I or Case II and how it depends on fl, the magnetic 
latitude. 

The condition 


which divides the two cases may be put in a more convenient form. 
Lot US put 


1 


* Thitt pQ is the critical oollwioiml frequency first pointed out by Appleton and 

Builder (1933). Its value at Allahabad is 3x10®. The quantity under the square 
root in the exprecisiona for e* is 
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Then the above condition becomes 



Since r—fi =s= r— 1 +i8, a complex quantity, we can put it in the form 
r(r -l)2+S2 2.'* 

L ’ Pb- 

g 

whore 6 tan'^ v • 

r — 1 

We can tiow take the above condition to be 

(r-l)2+S2«^^2 

or (14) 

This condition is the same as that given by Booker (loc, cU,, eqn. (31)). 



Note on the CJiteves. 

Fig* (1) * gives the assumed variation of N and v with height. It is 
only a crude picture of the atmosphere, but is expected to give fairly 
approximate results for the iS?-region. Figs. (2) and (3) represent curves given 
by equation (14). In drawing these curves the values of and v have been 
read from fig. (1). p^ has been assumed to be 8x10®. Fig. (2) is a 
representative of the class of frequencies greater than the gyroraagnetic 
frequency, while fig. (3) represents frequencies below the above-mentioned 
frequency. They have been actually drawn for p « 2 5 x 10^ (A xa 75-3Gw.) 
and ;j = 5 X 10® ( A = 376*8m) respectively. Fig. (4) is another represen- 
tative of medium waves and is drawn for jp»7xl0® ( A * 264* 14m). 
Fig. (5) is drawn for p m 10® ( A » 1884m) and thus represents propagation 
of long waves. Fig. (6) is drawn for jpss: 6x107 (A « 37* 68m) on the 
assumption that collision frequency remains constant at lO^. It is meant 
to give an approximate idea of the oonditions of propagation in the F-region. 
The curves hold for both the hemispheres and it is evident from them that, 


L J L J 

and this bocom^ aoro wh«m r um I and r » m that go booomes equal to But this 

oojidition holdu only under a severe limitation, for wo must have a region whore 
r «# 1, and V 

♦ It i» the seme m assimied by Booker (/oo. 
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in general, quasi- tranH verso typo of propagation is of importance only at 
medium frequencies (except of course a very narrow region near about the 
magnetic equator wiiere it holds at all frequencies) and that it is the 
quasi -longitudinal type which predominates at long and short waves* 

Wo further observe that so far as the non-reflecting region is concerned 
(where the value of electron density is small), we can divide the whole surface 
of the earth into two regions, viz., (a) places not very near the magnetic 
equator and (6) places very near the magnetic equator* It is easy to boo that 
in the former region both the o- and the .r-waves of every frequency are pro- 
pagated according to Case II but that in the latter region their propagation 
is governed by Cose I. Again when we consider propagation in the reflecting 
region thrt>e cases arise. A concise description of the features of the various 
coses is given in Table 1 and their applicability has been discussed afterwards. 


Table 1. 


Name of Cose 

Definition. 

Case I 


(Quasi-transverse) 

(F* — Fo®)® -i-F®>’® < < f®f/ 

Case II. 


(Quasi-longitudinal) 


Case A* 

Propagation of both the o- and the 
a:-wave governed by Case I. 

Case B* 

Propagation of o-wave governed by Case T 
but that of ir-wave by Case 11, 

CaseC* 

Propagation of both the o- and the .r-wave 
governed by Cfise IL 


Cme A . — Propagation of both the magneto-ionic components is governed 
by Case I. On short and long waves this liolds for rather small values of 0, 
the magnetic latitude or the angle of dip, but on medium waves it may 
bold oven up to 25'" or so m is evident from figs. (3) and (4). We shall, 
however, term this region as tlie magnetic equatorial latitudes and for 
evaluating and in those latitudes wo shall make use of eqns. (6) and 
(7) respectively. 


* 'fhoB® oesea rofer to the reflecting region only. 
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Case B . — These are the latitudes where propagation of the x-wave is 
governed by Case II (qiiaHi-longitudinal) while that of the o-wave by Case I 
(quasi-transversc). These conditions will hold good at places where the 
magnetic latitudes are neither too high nor too low. It is not possible to give 
dcfinitt^ values of these latitudes in any of these cases, for they depend on the 
frequency of the wave under consideration, as is evident from a comparison 
of the various figures. This region we shall call intermediate magnetic 
latitude. For finding out the values of and in these latitudes we 
shall use eqns. (5) arid (13) respectively. 

Case. C.—This is the region where both the o- and x-waves propagate 
accordirrg to Case IT. For short waves these conditions exist in the higher 
magnetic latitudes, i.c., plaoos near the magnetic poles but for medium waves 
they may exist in maguiitic latitudes as low as 30^ as shown in figs. (3) ami 



(4) and for long waves they may lie fulfilled down to still lower latitudes 
as is evident from fig. (5). 

Absorption in the Non-replectino Region. 

(a) Places n(d mr% wear magmiic equator. 

We have already seen that in this region conditions of pro]mgation are 
governed according to Case TI. Hence, since r is small, we have from (11) 
and (13) os a first approximation 

ck^ 1 rS 

7"*2(i+ r^;T)^ 

ch^ 1 rS 

^ *5(1- I )*+8*‘ 
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Substituting for r, o)g 


Hence 


and 8, we get 


2ire^ 

Nv 

.. (16) 

rm (p+ 

1 p, 1 )2 + v2 ' ■ 

2ne^ 

Nv 

.. (16) 

me (p— 

1 J>. 1 )®+»^ ” 

{p~ 1 p. 1 
(p+ 1 p. 1 

1 ^ , 

•- (17) 


It is obvious from the above expression that at a parti oular level in this 
region the o-wave suffers less absorption than the x-wave. The difference 
in the relative absorption of the two waves becomes greater and greater both 
as we go towards the magnetic poles and as we consider frequencies approaching 



pg. We can also say from (17) that in this region at places not very far from 
the magnetic equator the o-wave will lie only slightly less absorbed than the 
ar-wave, provided we confine our attention only to waves well away from 
We further ol>serve from (15) and (16) that has got a unique maximum at 
the level where v^p+ | p* | , while has the same in the region given by 
»iasp— I p^ I , Thus if N varies slowly, the maximum absorption suffered by 
these waves in the non-reflecting region will be at the above mentioned two 
different levels ; but as we proceed towards the magnetic equator the two 
levels come nearer and nearer till at places not far removed from the 
magnetic equator, l>oth the waves suffer maximum absorption in the non- 
reflecting region at approximately the same level, which tends to show that 
they should be almost equally absorbed — a conclusion derived before, 
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For finding out the total absorption suffered by the waves in the 
non-deviating region we have to integrate (15) and (16). Thus the integrated 
absorption coefl&cients and kj are 


2ire2 

*e 

Nv 

“nr'i — h dz * * 

(18) 

me 

6 

(3>+ 

Ir. 1 

)2+v2 

27rfi2 

f*Z 

Ny 

— , (jy, . 

.. (19) 

nw 

ip- 

r„-_- 



Now we have to find out as to how N and v vary with height- In the 
case of stable layers, Chapman (1931) worked out a formula lor variation of 



Fio. 3. Variation of Q.T. and Q.L. regions with 6 for p 5 

N with height, on the supposition that electrons are produced by the 
absorption of monochromatic light. Saha and Rai (1938) have recently 
shown that this expression holds for continuous spectrum its well. We have 
according to these authors 

^ ( 20 ) 

N^N^e ^ 

where 

N am number of electrons per o.c. 

number of electrons at the level when x «= 0 



.. ( 21 ) 
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(22) 

7ng 

X “ angle of incidence of solar radiation 
k = Boltzmann's constant 
T =2 absolute temperature 
rn = mean molocular mass 
g = acceleration due to gravity 

= the level where the ion production is maximum at the 
equator at equinox. 



ft 

Kia. 4. Variatic^n of Q.T. and Q.L. regions with d ior p =» 7x10*. 


As usual the height h is being measured from the datum level and ex- 
pressed in units of H, the height of equivalent atmosphere. 

Again, we know that the frequency of collisions, Vy is given by 

>' ®= ^ . . . , , . , . ( 23 ) 

A 

where 

c = mean velocity of the particles (electrons in our case) 

A fflfi mean free ^jath of an electron. 

We have from the kinetic theory of gases that 
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where 

m = mass of an electron 

n «: number of particles per c.c. with which electrons collide 

a = diameter of the jmrticles. 

So that (23) becomes 


Now if we assume that 
wo have for (24) 

Hy being the nuint)or of particles per c,c. at the level 


V = / — n 

sj 2m 


n a= 




^.vn 


(24) 



Putting 


Vo 

V 


«» 


7 


2m 




we get 


.. (25) 


Utilizing (22) and (26), wo have for the integrated absorption of the 
waves, say in the -B-region, if we are considering waves reflected from the 
F-region, 


•+« 


k ' » 

“ me 


I X 


(p+ I P. I )*+•'/ e-** 


«fe .. .. (26) 
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and 




k ' = 

me 


see If 


dz 


.. (27) 


\p- I P* I e-** 

These integrals have been solved by Appleton (1338). He deduces that 

_ t'. \* 

”■ ■" ~ wte \p„\)) 


where 


X' 


l+t^ 





Fio. 6. Location of Q.T. and QX. rogionB with varying value of ^ for jo ^ 6X 10’. 


and 

when 


_P± [ Ps I 

a m, 

a>>l 


secx 



when a<<l 

X' (cos a+sin a)— 2 1 - ^*^+0(al). 

When a sw 1, he has found out the value of X\ using integration by quadra- 
ture and has drawn a curve between X' and a. 
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(6) Places very near the magnetic equator. 


We have already seen that at these places propagation of both the 
magneto-ionic eomiwnents is governed by Case 1 (quasi-trans verse)* Hence 
we shall use equations (11) and (13) for evaluating the special absorption 
coefficients and respectively. 

Simje r is small, we have from the above equations as a first approxi- 
mation 


and 



It is obvious from (28) and (29) that k^,<kj^ so that the o-wave suffers 
less absorption than the x-wave, but as for most of the useful waves the term 

2 Y 




1+8V 

is only slightly less than unity, the x-wave will be only slightly more absorbed 
than the o-wave. It will not bo so for frequencies approaching p,* 
Substituting for r, 8, w*, etc. in (28) and (29), we get, 

(30) 


and 


me 


2iTe® 

me 


Nv 




(31) 


Now using (22) and (25) we get for the integrated absorption of waves in a 
region that they traverse through, 



me 


e " 


p*+v*e-2* 


dz 


•• (32) 



(32) can be integrated ae (28) and (29). The integration of (33) we do not 
propofie to take np in this paper. 
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Absobption m thb Bbbxbotino Region. 


Case A. — Magnetic Eqimtorial iMtindes, 


Tt has been already shown that wo have to use equations (5) and (7) 
in this case. Hence, expanding the right hand side of (5) and remembering 
that r is approximately unity for the o-wave in this region, we get, as a first 
approximation, 


p*2 


[8-^82] 


(34) 


the powers of 8 higher than the second having been neglected. 

Now in these latitudes a> * and for frequeneies greater than the 
gyromagnetic frequency the a;-wave reflecting region is given by 


r 1 —CO. 


Making these substitutions and uoglocting 8'2 comparison with we get 


R =« - . 

1 + 


and 


1 ) 2+82 
. 2 




1 + ; 


I): 


,8' 


a>2 


1 + - 


1 + 


8' reforH to the level 


(r- 1)8+8* 


1 -- 


1-c 


28' 

f-u. 


Now expanding (7) and neglecting jKiwors of D greater than the second, wo 
get, as a first approximation. 


c^k/ 

Again forp<p^^ , we put 
so that we got, as before. 


I [D-D^] 


S' 28'* 

( 1 - 0 .)'* 


r=i l+-te 


jB = 1 


D = 


S" referring to the level r =~ 1 +• w. 


28* 

’ l+-<i) 


Hence, for wo get, 

f*! 28** 

P* l+'to (l+'Co)® 


.. (36) 


.. (36) 


* This condition wo can tako only in the ooso of long and short waves* whom values 
of B encountered are small. When wo consider medium waves, this condition no longer 
holds, for Bt for such waves in this case may extend even to 25* as shown in figs. (3) and 

(4) and we have to use general expressions. 
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Now for p>Pj^, we get, from (34) and (36) 

8' 28'* 

y -9 

ki 8-8* 

2 8^ 

% retaining only 8 and 8' 


’ P-Ph 


if we assume that 8' 


8 


>1 

For^<^^ (34) and (36) yield 

^ 2 S7(l-<^)-28-^/ ( l--a>)g 

”* S-S2 


(37) 


which after making assumptions similar to the above becomes 


k/ 

"'o 



.. (38) 


Thus in the reflecting region for p>Pf^ the o-wave is less absorbed than the 
x-wave, but for p<Pf^ the reverse hapj^ens. 

Wells and Berkner (1937) have carried out measurements of the inten- 
sities of the 0 - and the x-wavos at Huanoayo {0 xs 2° 11'), a place very near 
the magnetic equator for a frcKjuenoy of 4*6 Mc./seo. They find that both 
the 0 - and the x-waves are received with almost equal intensities. 

Now (38) shows that if the main absorption occurs in the reflecting 
region » 1*63 while we have shown previously that at such latitudes 
in the non-reflecting region the two waves will be almost equally absorbed, 
the ordinary being slightly less absorbed than the extraordinary. This shows 
that the waves in the above-mentioned experiments suffered absorption 
mainly in the non-reflecting region. 


Casx B . — Intermediate Magnetic LaHtvdes. 

For the o-wave we have os before from equation (6) 

=a i rs 8®! 

^ w ^ [8 5 ] . . 

For the x-wave we use equation (13) and substitute 


r— 1 «* — <0 


for p>Pf^ 


and r — laax«> 


for p<p^^ 


After simplification, we get, for 

J)« ■(l-.jc,.|)*+8'* (l-|a,.|)*+8'*| ” 


(34) 


(39) 
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Expanding and taking first approximation, we get from (39), 

■<=-! . ' f Ti- »'• iri »'• 1 

4. Ti ^ 1 ] 

^r-\auli “^ 2(a)-.|a).|)^JL 2 (1 | | )2j j 


Similarly for we obtain, 

1 


3'2(l-o>)2 

'4 •• 


h-^(i+wy^ 


p 


4 (|a>^| |a>, |) 


Comparing (34) and (40), we get, for p>Pf^ 

k/ 1 8'2(1-.^)2 


V 2 (l -|co.|)3(a>~)(*),|)(8-82) 

which after neglecting 8^ in comparison to 8 and assuming that 


(40) 

(41) 


Imoomcs 


ib 2 ^ 3 


8(l-ai)2 


k,:^ ‘2 (l-.|co,l)3(tu-|a>,|) 
Similarly, from (34) and (41), we got, for 

1 8-2(1 


1 .. 


‘ 2 (1 4- I a)* ] )3((o4* 1 ojz 1 )(8— 82) 
. 1 8"(l--.a;)2 


<1 


(42) 


(43) 


* 2 (1 -f- I Wj j )3(w+ I War I ) 

From fig. (2) it is clear that for p =a 25 X we can consider a place for 
which 6 5s= 30° in this case. For Calcutta where ^ =s 31° 45' we have 

= *7428 X 10-3 

Even if wo assume the value of v =s= 10® for the level from which the 
a:-wave is reflected we have 

k,. « •7428;b,, 

which shows that the extraordinary wave will be less absorbed than the 
ordinary wave. 

Case C. — High Magnetic Latitudes. 

We have already seen that propagation in this region is governed by 
Case II and we have to use equations (11) and (13) for the a- and the x-wave 
respectively. 

Simplifying (11) as in Cose B, we get, for the o-wave 
cSJfcfi 1 8* 
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Similarly, from (13) we get for the a:- wave for p>P)^ 
_ 1 ■ 8'g(l-w)g 

“4 (l-|a>.l)8(o>-la>,|) •• 

So that for p>p^ 

^ _ l«>J(l-w)8(l + [w,|)» y 2 
(l-|«,.|)8(e,-|4«.|) 32 

l ^.l(t-w)8(l + |a). 1)8 

(1— |a<,|)8(u>— |cu,|) 

> 1 . 

Again for p < p^^ we got for the a;-wave, from (13) 

_ 1 8*2(1 

P^ 4 ( lo), |— l)8((u+| o>,|) 
so that we get, from (48) and (44), for p < p^ 

(la,.i-l)*(e«+!«,.l) 8* 

_i I <".I(14-| o<,|)8(14-w)^ 

■ (1 w.l — !)*(«>+ 

> 1 . 


.. (46) 


.. (4«) 


. . (47) 


.. (48) 


(46), (47) and (48) clearly show that in these latitudes the extraordinary 
wave suffers greater absorption than the o-wave in the reflecting region. 

All our results are summarized in the following table : — 


KegioiiB 

CaseB 

Siib-caBes 

Results 

Non.Reflecting 

(a) 


< k^, k^ ^ k^ as we 
approach the magnetic 
equator. 

Region 

ib) 


k„<k^. But k„^k„ 


! 

A 

p>Ph 

k^ A^jj 

Reflecting 


p<ph 

K>k, 

B 

p>Ph 

kff !> kjg 

Region 

p<Ph 

AJj, 

C 

p>Ph 

kf^ <C kjg 


p<ph 

K < 
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ABSOBPTION AND REFLECTION OF RADIO WAVES AT OBLIQUE 
INCIDENCE AND THEIR RELATIONSHIP WITH VERTICAL 
INCIDENCE PHENOMENA. 

By K. B. Matiiub, Physics Department^ Allahabad University. 

(Communicated by Prof. M. N. Saha, F.R.S.) 

(Read Augmt 25, 1939.) 

iNTBOBUOTfON. 

The success of short wave transmission over long distances is entirely duo 
to the presence of ionized regions in the upper atmosphere, which are responsible 
for reflecting the signals without much absorption. Greater and greater use 
is I>eing made of short waves for broadcasting of sound and pictures. For 
conuneroial undertakings it is vital to l>o able to select a frequency which 
will serve the largest area. Hence the paramount duty of a radio engineer 
is to find out the most suitable frequency to suit his purpose. However, such 
a frequency depends entirely upon the conditions existing in the ionosphere 
wdiioh differ from place to place with the season of tlm year, and hour of the 
day. Thus we find tliat the ionospheric data enables the radio engineer to 
predict the coverage of the projected station, and is thus of the greatest practical 
imj)ortance. It is extrenicly tedious to collect data for obhque propagation 
of radio waves, compared to suoii data I’or vertical propagation. Much of 
the radio eiiginoer’s work is simplified if ho is able to use the vertical incidence 
results for calculating the absorption and reflection for oblique propagation. 
Martyn was the first to show that for flat earth it was possible to get oblique 
incidence data from the data obtained for vertical incidence. Smith (1937) 
further sliowed that it was possible to determine graphically the maximum 
usable frequency for oblique propagation from vertical incidenc'c (virtual 
height-frequency) curves. Millington (1938) gave a modification for a curved 
earth of Martyn^s tlieorem and showed that the results hold for both equivalent 
frequency and absorption for a thin layer. Smith (1938) has further extended 
the work and has removed the restriction of the thin layer. Ho has deduced 
the relation only for equivalent frequency assuming linear distribution of 
eleotrons but has neglected absorption. 

In the present pai)er, relations have been deduced for absorption as well 
as for equivalent frequency for the linear and also for the exponential gradient 
of ionization in a thick layer. The earth’s magnetic field has been neglected, 
and the gradient of electron density has been taken to be everywhere vertical 
and similar throughout. 


VOL. V— No. a. 


[Published November 17th, 1939. 



346 


K. B. mathuh: absorption and reflection or 


1. Absorption. 

Fig. 1 shows the transmitter T and the receiver R, separateJ by a distance 
D. The sky wave leaves the ground at an angle a and enters the ionosphere 
at A, <j>x being the angle of incidenoo. 

^ = the angle the wave normal makes with the vertical at the altitude 
z above A. 

h =c height of the ionosphere. 

R = radius of the earth. 

Zq = the maximum height of jM^nctration above the lower boundary of the 
ionosphere. 



Fio. 1. 


Zt, = the height of the equivalent triangle above the lower boundary. 

^0 ™ balf the angle at the vertex of the equivalent triangle. 

the vertical height measured at vertical incidence. 

/' SE= actual wave frequency at oblique propagation. 

/ » the equivalent frequency of /' reflected at vertical incidence from the 
same height z, 

fo-M- 

mw 

N == number of electrons per o.c. 
e as charge of an electron. 
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m «n mass of an electron. 

IIq sst the value of the refractive index ix* whore the reflection takes place. 

( ac time taken by the sky wave to travel from T to R. 

In order to avoid repetition the followhig equations — which have been 
used in the present calculations — are reproduced from Smith’s paper (1938). 




/ = /'\/l-/i'J=/'ooa 

»*o 

. r.. r I 

e' 


COB <l>0 


where 





1+5 = 


sin^ 

^ a 


and 


1 


l-A- „ 

$' = oot ^ 1 * 

D^2Ee 
‘ « 


2^ 


•• .. t* «■ 

(5+Jl)[8in oot (tf— ff')--l+oo8 S'] 

/**0 

I dz 


j: 


— aoi 


/•*o 

0 


r** 




II 
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I igsin 

""cl Bij 


{e~9’) 


Bill <f>i 


J?8in (0^ $') f 



(9a) 


(96) 


where 6 is half tlie angle the total ray path subtends at the centre of the earth, 
while 0' is half the angle subtended at the earth’s i^ntre by the ray path inside 
the ionosphere. 

The absorption coefficient per unit path of the ray is given by 




V /o 


( 10 ) 


/* 

where the collisional frequency of the electrons, v, is a function of 2 :. 

Using equations (2), (3a) and (8), the total absorption for oblique propaga 
tion is 




ob. 


V ^ 

2c fi 


V Jj) 

c / 


f'dz 




(H) 




/ P (i 2" 

rnn^A / , T 2*0 tan2 

j^+r I vfl{i+B )dz 


(11a) 


cP 


l/p 


(llh) 


This relation is similar to that obtained by Millington (1938) who has, however, 
studied the case of a thin layer, and finds that oven for absorption Martyn’s 
theorem holds. 


For vertical incidence » 0, and 


kda 


/2 j 

vf^dz 


■<3/a 


v"i -/?//* 


( 12 ) 


The total absorption for oblique propagation can be easily found for special 
cases; viz: — 


(a) 2 ;o J (- 8 + A) cot^ tf>i. 
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This case applies to E-layer transmission for any distance and to F-layer 
transmission for short distances. In this case (3a) and (36) reduce to (as 
proved by Smith) 

R+h 

1-1-2}- 1 I gotang«^i l-z/zo 

rsfi/p 

Hence 



•• ( 13 ) 
.. (14) 


Case I . — Linear distribution of ionio-density. 




and hence, 


kds ; 


cos^i^l+ po ^f^dz 


^ ob. 


Using (12) 

but from (7) 
hence, 


ob. 


kds a= cos^l ^1 + 


<■/* 

22otan^ 

2,, “ 2 zq 


^ 0 


^r-fY/p 


kds 


f [ kds. 

J ub. ^ TO, 


.. (16) 


. (16o) 


Case II , — Exponential distribution of ionic density. 

fo 1 ySe^*, /* - and r = vie~^^ .. . . ( 16 d) 

where H is the height of the homogeneous atmosphere. By substituting these 
in equation (22), we get 



JL 

cP 


**o _ * 

Vl -e^(*-*o) 
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Putting 


kda ' 


2viy^e 




pep 


de . . (17) 


0 


When ^<<1. 


kds 




. ?nyt‘ 

^ A—c: 


pep 


.. (18) 


Vt5» 

Now for oblique propagation oqn. (15) gives 


Ms 


c/2 


I 

V s 

^ ^0 

i-jy*C " c^* ^ j 

[■ tan*^i z— Zo 7 

J 

v/ 1 —€^(^*“^ 0 ) ’ 

0 

^ 7 ?“f*A 1 J 


Putting 


kds 


— 008* e 

^ cm h) 

1 " 


(cos 9) 


1 - 


PH 


oh. 


2 tan* log 008^7 

I p(Ji+hj ' ain^e ] 


Vben 

Ms = cos (^i 


m 


<<i 


Ms 


ob. 


. 2 tan»^i fi y^e ^ f , *i, ^7 

fi+» 5^ (»■ -.Tjr^K; J 




hda 


t<M\\ 
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where is given by the eqn. (32), proved later on. Thus we find that the 
absorptions for linear and exponential distribution of electrons come out to 
be the same. 

(6) Thin layer; 

Case /.—Linear distribution. 


j kds = cos j 

ob. *' VB. 


kds 


( 21 ) 


as deduced by Millington, as well as Martyn. 
Case 11 . — Exponential gradient of ionic density. 


Eqn. (20) reduces to 

kds = cos (f)i 


ob. 


[ f w « J- - *'1 ^ 1 

{n+h) cpj 


(22) 


(c) For 

We find that the ray sufters hardly any deviation till the point of reflection 
is reached. The sporadic E-rogion can be cited as an excellent example of 
such reflections. 

From (la), wo have 

Vi-W)'® = i>o ^0 j 

For zj — So vanishingly small compared with (M+h) oot^ (I>q this reduces to 


V 1 -fio == tioa //' 
and we have from (11a) by Bubstituting from (23) 


kds 


COB tflO 


vfodz 


<1 Ob. 


Case 1 . — Linear distribution of ionic density. 


/ „ cos* ( 2z tan* <^i\ _ .2 
V'' oos*^ V‘^ H+k ) •'« 


(23) 


(24) 


Put 

We have from (24) 
kds 


fi) “ n®*. /* = Vl®*0 r = i-ie 


e 

H 


^ ob. 


1**0 
J 0 


cos* ^0 viyx 

008® c/ 


ze dz 


L , 2aotan®M 


( 26 ) 
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Putting 


/oos2<^o 22otan^^i\ ^ 


, 2 oosa <l>oviyiZo^ 
cos <j>icpa* 


COH* B 


a^H O n Jn 

e oos^ d dB 


3 

2 coB^ 

cos<l>icpa^ 


‘ 2a^H r2 


C083^(i^ .. (26) 


The first term in the above integral can be expanded by Sonine's Theorem 

« scQO 

eA '•“« '^ = /o(^)+2 2 h{A) cos n>l> 

fl «■ 1 

whore /„(^) is the modified Bessel Coefficient given by 

00 - 

“ 2 (2) 

and 7r(k) is Gauss's function having the values unity for jfc s= 0 and for 
positive inte^gral values of k. 

The integral in eqn, (26) can be approximatidy solved by taking the first few 
terms of the expansion. The expression for the total absorption for oblique 
propagation is given by 

- (iSs) {b- v'i^* (b-’+b-'+s)} 

+(i^) 


where 


cqs^o 2^0 tan® 


▼ rUV/AW Mmp ■ ■ ■ ^ T— — ' ^ 

oos^ R*^K 

For vertical propagation ■= “ ®> hence « «= 1. If we put these 

values in eqn. (27) we get the same expression as obtained by Martyn (1035). 

The exponential gradient of ionization has not been used for calculating 
the total absorption in this case (xo-^zjs) since the deviating region is too thin , 
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2. Relation fob Equivalent Fkequenoy. 

To find out relations for maximum usable frequency with distance we 
have to simplify eqns, (1) to (9), but then wc must know the law of distribution 
of electron -density. Smith (1938) has assumed this as linear and obtained 
simplified forms of equations (3), (7), (8) and (9). However, the ac^tual condi- 
tions in the ionosphere are well explained by assuming exponential gradient 
of ionization. In what follows the particular cases are discussed and results 
derived assuming that the number of electrons per unit volume N oc e/" 

{a) z„<< ~ (R+h) cot2<^i. 

In this case eqn. (1) reduces to 

(2») 

and eqn, (3) becomes 

^ A ds i 1 - s/a„ 2z ) 

R+h\ R~+h y' + R+h~ R+h\ 


Now for exponential gradi«uit of ionization, let us put 

fs - y2 gP* and P = y* (30) 

and obtain the forms of various equations. From (20), (30) we have 

*, f 1 _ gp po dz_ ( , _ g-z, 2z j 

y ii+A / J ^ To) j R+h i_e^(*~*o) R+h \ 


and (7) reduces to 


dz 

0 Vl— 


2, l + Vl-e-^^o 

“ p e->o/'2 

2 

as 3 log 2+*a since c“^®<<l 
P 


.. (32) 

. . (32o) 


(31) can also be put as 

a> _ < <hi 


B+h 


[- 


*„ tan*^i“j r., tan*^i 

"“B+A' J|_ S+h 



(33) 
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where 


dz 


2^4 *=' 




log (coa 0) 

oos 0 


zdz ^ 4 

-=2’„2„+jgg 




log (cob 


(rl-) 


COS B T-^ / r 

« 0 «/ 0 

Expanding and performing the integration we have to a close approximation, 


( -tA 

V« 27 


log (oos 0) jf, 
oos 0 








Hence, 

, tan.^,/ 2„tan2i;6 


1 _ / 22 o 2 ^, 

-l( 

23„2\, / 4 ta.n«(^i . 4 « \ f^’”* * log (, 


R'^h R^h R-^h 


= j’g' ^ 2 tan«^i 


log (cos g) 


J?+ 


M+h Jl R+hJ /5 iZ+A » 

4 (tan«^i+2)fffl2,« 3 


i8* J?+;i I 8 8 


(^2,+ l)+— e 




6 . 
“102® 


■’^M)-ra}] 


•• (36) 
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Now e ^^<*<<1, neglecting coefficients of e and using (32a), B' can be 
written in a more modified form as, 

, tan r z*v /tan2(^i \ 2 tan^^^i ^ ■) 

* -1 !+tL ” r+3i+* (~2 — ‘j+T+r 

+ P ill { ^ 5 ] 


and to a further approximation 


tan^iP f 

^ - x+1 L " 1 




. (3«) 


Using eqne. (13), (14), (16a) and (28), (96) becomes 
r ( ^ z„UnH{\ 


2 if sin (O-e' 


c I sin (f>i 


cos 


2 .(.*J 

c L sin 


z^, tan2<^i> 

M'^h ^ 
cos 




ds 

z„ tan® ten®^j z—z„ 
J?4-A R^-h j_gA(*~*o) 


[ A Zotang<^i \ 

Rain {6-0') , V /C , / . g., tan®(^A 

“ sin^r" — 1*^ •«+'^ / 

_ ? ( .?« *' \ , _ £2^ 

^ \\/l— y 8 8 

_ > (^., + |)_ j| .- 3 », (fe + i) - i^) } ] 


tan®(iti 2 ^ zg 

R+h j8 \ y/f^g-P^o 
64® '^^*‘’(^*"+2)” r 


■ 2 « + 


(/S®o+l) 


. . (37) 


Making similar simplification as has been done for O' and using {32a) t can 
be written in a modified form as 


2 Fit Bin ie^e') 1 f A 3 tan^^i ^, 2 tan^i^i , „\ 

? L 2 -M * ‘'+i8 "i+A V 


.. (38) 
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and to a. further approximation 

2 V A 3 tan^<^i ^ ,Y1 

“ c [_ cos^i \ 2 22+A '^/J 

RelatioiiH (4), (5) and (0) will remain the same as deduced by Smith. 


.. ( 39 ) 


3. Conclusion anb Discussion. 


It is now well known that the intensity of the sky-wave increases for all 
frequencies up to a disUnee of about 600 kms. after which it slowly decreases — 
vide Report of committ(M3 on radio wave propagation, P,LR,E. Vol. 20, 
p. 1193, (1938). The theory of absorption worked out by Marty n for flat earth 
and Millington for curved earth for thin layer both lead to the same results, 
i.e.j the absorption for oblique propagation is sec <f>i times the absorption for 
vertical propagation. This theory is unable to explain the maximum in the 
signal strength observed experimentally. However, as has been done in this 
paj)er, if the absorption is calculated for a thick layer we see from eqn. (20) 
that it decreases upto a certain distance, after which it increases, which can 
explain the form of the signal intensity curve obtained experimentally. It 
may be pointed out that the exact distance from the transmitter where the 
maximum of signal intensity is observed cannot be calculated from these results, 
since wo have assumed the condition Zq<< 1 {R+h) cot^^j. The removal 
of this restriction probably enables us to calculate the exact place whore the 
maximum of signal intensity is observed. But the calculations are too tedious, 
and will ho dealt with later. It should be noted that our results show that 
the absorption for both the linear and exponential distribution of electrons 
comes out to be tlie same. 

In §2 the various relations have been deduced on the hypothesis of 
exponential distribution of electrons in the ionosphere. The equations for 
6' and t presented in this paper are slightly different from those given by Smith 
(1938) for linear distribution. The value of 6' obtained for exponential dis- 
tribution is smaller than that obtained for linear distribution as long as 
tan^^ii^J, t.c., 16', while for values of greater than 39® 16', the 

reverse will happen. The time taken by the ray to reach the receiver, t, depends 


upon two factors, viz. (1) (2) 

sin ^x 


rds 


7- , The value of 
r 


R sin (^-g') 
sin if>i 


dojiends upon d\ the variation of which has already beeti dis- 


cussed. 



will always be less for exponential distribution than for linear 


•^0 


distribution as is evident from eqn. (39) and the one deduced by Smith (1938) on 
page 696, case (6). (There appears to be a slip in his formula for T. It should 
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be r* 




R sin (^—0') z' 


*hy 


Hence for long distances the time taken 


sin ■ cos 

by the sky-wave is smaller for exponential distribution than the time taken 
if the electrons are distributed linearly. The exponential distribution of 
electrons represents the conditions existing in the ionosphere in a better way, 
therefore curves plotted after Smith (1938) using the results presented here 
will, it is hoped, give a more accurate value for maximum usable frequency. 

My best thanks are due to Prof. M. N. Saha, F.R.S., and Dr. O. R, 
Toshniwal, D.Sc., for their keen interest and useful suggestions. 
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Ab.straot. 

It is extremely useful to obtain data for long-distance transmission of 
electromagnetic waves through the ionosphere from observations made at 
vertical incidence. Martyn first showed that the absorption for oblique 
propagation is simply related to that observed at vertical incidence ^dth the 
throe simplifying assumptions: (i) that the gradient of electron density is 
everywhere vertical and similar throughout the path of the ray, (ii) that the 
earth's magnetic field can be neglected and (iii) that the earth is flat. Smith 
further showed that the maximum usable frequency for oblique propagation 
could also be derived from the characteristics of (P' —/) curves obtained at 
vertical incidence under the same assumptions as those of Martyn. Millington 
developed the above theorems for a curved earth and showed them to hold for 
a relatively thin layer. Millington's work has been further modified by Smith 
to allow for a thick layer assumiug linear distribution of electron density. 
But he has only derived an expression for equivalent frequency. In the 
present paper, starting from Smith’s theorems, relations have been deduced 
both for equivalent frequency as well as for absorption for the cases of 
linear and exponential gradient of electron density. 
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IlSTKODUOTION. 

A metallic surface when sufficiently hot emits thermionic electrons and 
the thermionic current at any temperature B is given by the relation 

i = 

where *a’ and ‘6’ are constants deptmding upon the material of the surface 
and th(^ natuie and pressure of the vapours surrounding it (Richardson, 
1902). If a piate is placed at a few mms. away from the surface and is charged 
positively with respect to it, the plate current is saturated at low temperatures 
and does not vary much with plate potentials. At higher temperatures, 
however, the plate current is independent of temperatures but varies with the 
ix»tential ditterence between the plate and the hot surface (Langmuir, 1913). 
Tins is due to the preseiuje of a negative space-charge near the surface whitffi 
acts as a bariior to the flow of electrons from the filament to the plate and thus 
limits the electron current. If by some means the space-charge or its eflFeiJt 
is neutralized the flow of electrons to the })late will be facilitated and the 
plate current would show an increase. Hertz (1923) has devoloj)ed a method 
for the determination of ionization potentials of Neon and Argon, iu which 
the efiect of the space-charge round a hot filament is neutralized by the ions 
of low velocities. The jwsitive ions were produced by the ionization of these 
gases caused by a beam of electrons coming from a separate filament. 

In the present experiment an attempt has been mode to reduce the space - 
chairge by fast Mercury positive ions obtained from an mdej^endent souroe. 

Dksohiptiok or this Apfahattjs. 

The Mercury ions wore produced from a hot cathode Mercury Arc shown 
inPig. 1* 

Fx is a filament, iu the form of a narrow spiral, of a few tiims of Tungsten 
wire of 0-2 mm. diameter, and is surrounded by a metallic spiral S, A reservoir 
of pure mercury is connected to the pyxex bulb B to maintain a supply of 
Mercury vapours. The filament is hearted by an A.C, current obtained firom 
an insulated secondary of a transformer and controlled by a resistanoe in the 
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primary. The Mercury Arc was set up by applying a potential of 100“150 
volts D.C. between Fx and 8, The Hg Arc could give current up to 300 
milliamperes. 

A Langmuir probe, L, in the form of a circular disc, 2 cms. in diameter 
and having a circular hole of 4 mms. diameter at the centre, is fixed to one 
side of the bulb B. A hollow metallic canal C, 5 cms. long and 4 mms. in 
diameter, is spot -welded to the back of the probe with its axis perpendicular 
to the plane of the disc and passing through its centre. The probe is held 
firm in position by sealing the canal into the pyrex bulb at 0. 

The Mercury |>OBitive ions are sucked from the Mercury Arc by applying 
a negative potential on L, The ions are accelerated through C and pass into 
the chamber K, The spread of the ions is cheeked by a slit Sx, is another 
filament of thin Tungsten wire, which is also heated by an A.C. current from 
an insulated secondary of a transformer and controlled as in the previous 
case. The plate P, about four square oms. in area, is placed a few mms. 
above F^, and is olxarged positively with respect to it to collect electrons from 

A long hollow Faraday cylinder, u4, collects the positive ions at the end 
of the beam. The geometry of the cylinder is such that the secondary electrons 
(Oliphont, 1928; Jackson, 1927) emitted from its inner surface by the incoming 
ions are entrapped within and thus do not produce any disturbance in the 
plate cun’ont or the space- charge of the hot surface. 

AU-motal Joints wore made by spot-welding the different parts together 
and wore fixed in position in the pyrex glass apparatus with pyrex Tungsten 
seals. The whole apparatus is of pyrex and the experiment was j)6rformed 
under a high vacuum, produced by a single stage all-metal, Gaede^s Mercury 
stool diffusion pump wliich was kept contmuously running duiing the course 
of obst'.rvations. That the apparatus was vacuum tight was checked by leaving 
it under a vacuum for several days and taking occasional readings of the 
pressure inside, on a McLeod Gauge. The high voltage which was applied 
on the probe L was obtained from an Evershed High Tension D,C. Motor 
Generator set, M. 

The electrical oonnootions were made as shown in Fig. J . 

Thboby of the Experiment, Restotb anu Discussions. 

(a) Thermionic EmisBion. 

The plate current due to thermionic en3iseion from a hot surface is limited 
by the presence of a negative space-charge very close to its surface. The 
potential distribution in a space between a plane positive plate and a negative 
hot plane surface, filled with a negative space-oliarge of Mgh density, is not a 
linear function of the distance from any of the electrodes. Up to a small 
distance from the negative surface, the field is reversed and the potential 
at a point within this region has got a negative maximum value as shown 
at A in Fig. 2. The position of this maximum is, in general, independent of the 
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plate voltage, provided it Ih largo enough compared with energy of the therm- 
ionic electrons. Under these conditions the plate current is independent 
of the temperature of the surface and is mainly controlled by the plate potential 
(Schottky, 1914). The plate current is given by the i-elation 

. ^ 1 
9tt \ m d® 

whore V is the potential diflerojice between the positive surface and the point 
A (Mg. 2), e and ni are the electronic charge and mass resjKictively and d is 
the distance of the positive plate from the point A . 

The majority of the electrons in the space -charge have low energies 
ranging from 0 to 1 volt and those for which this value is lower than the 
potential at A are reflected back to the hot surface. In fact, due to diffusion, 
the electrons {lossess random directions of motion in this region. 

The thermionic emission from a hot surface is materially effected by the 
presence of vapours surroundiijg it but Mercury vapours and inert gases at 
low pressures are found to have no effect on thermionic emission from Tungsten 
(Langmuir, 1913). 

The distanoo between the filament and the plate P is kept very small 
compared to the mean free path of the electrons in Moroury vapours at room 
temperature and therefore the probability of ionization of Hg vapours by 
thermionic electrons in the present experiments is extremely small. The 
presence of Mercury vapours in our apparatus, consequently, does not make 
the condition for the thermionici emission from very different from those 
which would exist in a high vacuum. 


(b) ProducMon of the positive ions of Merrmry. 


Langmuir and Mott-Smith (1924) have shown that if a plane electrode is 
immei’sed in the glow of an ionized gas and maintained at a potential lower 
than that of the gas, the positive ions move towards the electrode while the 
electrons move away from it. An excess of positive electricity accumulates 
near its surface to form a * sheath' to it until it is strong enough to neutralize 
the effect of the negative electrification on the electrode. The field on the 
boundary of the sheath will be zero and the negative electrification on the 
electrode will have no effect outside this boundary. The phenomenon will 
bo analogous to that of a cathode in a Normal Discharge of a gas at low pressure. 
There is a oontinuous flow of the positive ions from the ionized gas to the sheath 
and from there to the electrode. The current t to the electrode is given by 
the relation 


enUA 


(1+i) 


where A is the area of the sheath, n is the number of ions per unit volume of 
the ionized gas outside the sheath and V is the velocity of mean square of these 
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ions, L is the number of secoudaiy electron produced by a single positive 
ion, and e is the electronic charge. In the case of Hg ions the value of L is 
very small and can bt^ neglected as compared to unity (Langmuir and IVlott- 
Smith, 1924). 

The majority of the ions corning from the ‘sheath’ strike the electrode 
normally, with the energy corresponduig to the dift’eronco of potential between 
the probe and the boundary of the sheath. If there is a hole in the (4ectrod(>, 
the dimensions of the hole bfung small compared to those of the electrode, some 
ions w'ill pass through it retaining their full energy. 

The Mercury Arc was run at KK)"150 volts D.( '. and the electrons of the 
Arc had energy large enough to produce in Hg vapours, multiply ohaiged 
ions, carrying as much as four positive charges (Bleakney, 1930). The number 
of the multiply charg(‘d ions is, however, small compared to the number <^f 
singly charged ions. 

(c) Effect on the Space-chAirge. 

The positive ions sweeping across the space-charge may remove the 
electrons from it or influence it in the following ways : — 

1. The direct capture of free electrons of the space-charge, by fast 
Mercury ions. 

2. The formation of negative ions of Mercury by attachment of the low 
velo(!ity free electrons of the space-charge to the neutral Mercury atoms. The 
transfer of the electrons from the negative ions to the fast positive ions during 
the collision of the two ions. 

3. The fast positive ions of Mercury may produce ionization by direct 
collision with Mercury atoms (Jones and Galloway, 1936). The slow positive 
ions produced from ionization may re-combine with the slow electrons of the 
spac‘e-charge, or they may accumulate round the surface of the negatively 
charged filament and neutralize the effect of the negative electrification of the 
space-charge. 

4. The fast Mercury positive ions may get converted into fast neutral 
atoms, giving rise to slow positive ions, by a process known as ‘Umladung or 
Electron Exchange’ (Kallman and Rosen, 1930; Arnot and Marjorie, 1939). 
The fast neutral atoms and the slow positive ions restilting from this process 
may behave as givpn under 2 and 3. 

{d) BunU and DiBcnaaion, 

A typical family of curves showing the relation between the plate current 
to P and the temperature of is given in Fig, 3. When observing the effect 
of the positive ions on the space-charge the plate current was adjusted at the 
horizontal part of the curve (Fig. 3) corresponding to the applied plate voltage. 

Mercury ions of energy of 600-1 ,CKX) volts D.C. were fired into the space- 
charge. The positive ion current to the Langmuir probe L was increased 
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during observations to about one milliampero by putting the maximum current 
through the Mercury Arc. No measurable change was observed in the plate 
current when the xiositivo ions beam was on. 

The re-combination c)f ions and electrons has been known ever since their 
discovery was made in conducting gases. For example, the light from a glow 



Fia. 2, Curves showing tho effect of negative spaoe-obarge on the potential distribution 
between two parallel pl^me eleotrodes. 

discharge in a rarified gas is attributed to the re- combination of ions and elec- 
trons, But the chances of re-oombinations, which exist in a discharge tube, 
are very favourable, and it is difficult to reproduce them outside under controlled 
conditions. The relodty of electrons in an ionized gas varies from zero to 
any value upward depending upon the positive field applied on the gas. The 
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capture of an electron by a poeitiro ion means that the eJecJtron settles down 
in on© of the Bohr orbitB of the atom, which will bo posHible only if the electron 
\oftea part of its initial energy . This can take place in two waye , either by radia- 
tion, when there is a direct capture of electron by positive ion, or by a collision 
with a tldrd body, in which case the re-combination takes place in two succes- 
sive steps. At first a negative ion is formed by the attachment of an electron 
with a neutral atom and afterwards the negative ion and a positive ion come 
in collision, in which the electron is transferred to the positive ion, releasing 



Fig. 3. 

the neutral atom with its excess of energy. The probability of formation of 
negative ions varies enormously in diJBFerent gases and in any particular 
vapours it depends upon its state of purity and other experimental conditions 
(Wahlin, 1922; Loeb, Kinetic theory of gasea). It is difficult, therefore, to 
make an estimate from the data available of the probability of re-oombination 
of ions by three body collision in any vapoiu*. 

The direct re-oombination of positive ions and bee electrons has also been 
studied by some experimenters. 
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Wm Dowey (1928) believes that this type of te-combmatlon Is very 
Intense In the negative glow of a discharge. Investigations of Miss Hayner 
(1926) also show high probability of this process. Important information can 
be obtained from the work of Kcnty (1928) in which it is shown that electrons 
of energies of 0 to J volt are captured by positive ions of Argon. 

Mohler’s (1928) experiments on the re-combination spectra of Oaesinm 
and Helium show that the coefficient of re -combination depends upon the 
velocity of electrons. The probability of re-combination for 0*2 volt electrons 
has been shown to be much higher than for electrons of 1 *4 volts energy. 

The process of capture of electrons, both free and atom -bound, by fast 
pcisitive ions ha»s been studied by Rutherfoi'd (1930), and others (Henderson, 
1922; Brigg, 1927). Rutherford has found that very swift Alpha particles 
from Rtidium are capable of capturing electrons from gas molcHJules and that 
the probability of capture is a function of the velocity of the Alpha particles. 

Other investigators (Kallman and Rosen, 1930; Arnot and Marjorie, 1939; 
J. J. Thomson, 1921) show that fast positive ions, other than the Alpha 
particles, also capture electrons from gas molecules and atoms. 

Davis and Barnes (1929) and Barnes (1929, 1930) have investigated the 
captxirc of free cdectrons by Alpha particles. A beam of Alpha particles from 
a Polonium source was shot in a stream of electrons, obtained from a hot 
cathode. The velocity of the electrons was controlled by placing a grid near 
the cathode. By maintaining a suitable density of electrons in the stream, 
it was found that the efficiency of capture of electrons by Alpha particles was 
as high as 100 per cent for specified velocities of the electrons but at other 
velocities its value was calculated to be small. The time of capture-collision 
between an Alpha particle and a free electron was estimated to be 3 x 
seconds. 

In the x>rc8cnt experiments the density of electrons in the thermionic 
current was of the order of 10® electrons per cc. The density of Mercury 
ions near the Langmuir probe L in the Arc-ohaml>er was estimated to be 
higher than the above value, but taking into consideration the fact that a 
large fraction of the ion current is neutralized while passing through the canal 
C, the density of ions in the ion beam in the chamber K would have at least 
a minimum value of the order of 10 ^ ions per cc. 

Under the conditions which exist in our experiment, it was considered 
probable, keeping in view the points discussed above, that the fast Mercury 
ions would influence the negative space-charge both directly and indirectly. 

From the negative results of the experiment it appears that : — 

(1) The efficiency of ionization of Hg vapours by fast positive ions of 
Mercury is small, which is in agreement with some experimental results (Jones 
and Galloway, 1936), 

(2) The probability of the formation of negative ions by the attachment 
of free electrons to the neutral Mercury atom is either small or the collisions 



SPACE-CHARGE OF A HOT FIEAMfeJNT BY FAST POSmVK IONS OF MERCORY 3($7 


between tbe negative Ions and the positive Ions of Mereury In which the elec- 
trons are transferred to the positive ions are not frequent. 

(3) The capture-collisions hidween free electrons and Mercury positive 
ions are rare. 

The results with difFerent ion concentrations and various kinds of ions 
will given in a subsequent paper. 

We take this opportunity to record our thanks to the Hon’ble T)r. Sir 
8. M. Sulaiman, Vice-Chancellor, Muslim University, Aligarh, for a special 
grant wliich enabled the IX-^partment to equip the laboratory for High Vacuum 
work and for his keen interest and encouragement throughoiit. 

We express our thanks also to Prof. A. B. A. Haleem, Pro-Vice-Chancellor, 
for having provided general facilities for carrying out this work. 
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Twelfth Ordinary Oeneral Meeting. 

The Twelfth Ordinary General Meeting of the National Institute of Sciences 

of India wupB hold on the 25th and 26th August, 1939 in the hall of the Royal 

Asiatic 8o<5ioty of Bengal, 1 Park Street, Calcutta. In connection with the 

General Mooting a Symposium on ‘Coal in India’ was hold which was organi/iCid 

by Dr. C. S. Fox on behalf of the Institute. 

The following Fellows wore present: — 

Bt.-OoK R. K. Chopra, PreMenit in tho Chair. 

Sir U. N. Brahmachari, Vice-President (on 25th only). 

Pi'of. .T. N. Mukhorje< 5 , Additmnal V ic>e-President (on 25th only). 

Prof. M. N. Salia, Additiomil Vice-President. 

Br, B. S. Cuba, Honorari/ Treasurer, 

Vrof. S. F. Agiiarkar ") , . 

» ^ r Honoraru /secretaries . 

Or. C. S. Fox ) ^ 

Prof. Q. Bose (on 25th only). Or. L. Hora (on 25th only). 

Dr. N. K. Bose (on 25th only). Prof. K. Krislman (on 25th only). 

Or. H. Chandlxuri (on 25th only). Or. M. S. Krishnan. 

Or. B. N. (^lopra (on 25th only). Or. R. B. Lai (on 25th only). 

Dr. A. L. CxinUon. Prof. 8. K. Mitra. 

Prof. S. OattH (on 25th only). Prof. P. Neogi (on 20th only). 

Mr. B, H. Goo. Or. H. Srinivasa Roo (ou 25th only). 

Prof. I. Ohofth (on 25th only). Or. A, 0, Ukil (on 25th only). 

Besides the Fellows there were also present a number of visitors, who 
being closely associated with the Coal Industry of this country, keenly parti- 
cipated in the discussions. 

1 . The minute.s of the Eleventh Ordimiry General Meeting of tho lastitute, 
hold on the 5th April 1939, were read and confirmed. 

2. The following papers were read: — 

(1) Absorption of Electromagnetic Waves in the Earth’s Atmosphere. 

By R. R. Bajpai and K. B. Mathur. (Communi<^atcd by Prof. 
M. N. Saha.) 

(2) Heat of Ionic Dissociation of the Chloride and Bromide of Rubidium. 

By B. N, Sriviuitava. (Communicated by Prof. M. N. Saha.) 

(3) Absorption and Reflection of Radio Waves at Oblique Incidence 

and their relationship with Vortical Incidence Phenomena. By 
K. B. Mathur. (Communicated by Prof. M. N. Saha.) 

(4) The Extension of the (0, O) Band of OD. By M. Ishaq. (Com- 

municated by Prof. M. N. Saha.) 

3. The following papers were also read and discussed in connection with 
the Symposium on ‘ Coal in India ’ : — 

(1) History of the development of the Coal Industry. By E. R. Geo. 

(2) The History of Coal-mining in India. By E. R. Gee. 
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(3) The Geology of Indian Coal. By E. R, Gee. 

(4) Indian Coal reserves. ' By M. S. Krishnan. 

(5) India’s position in the world as a Coal producer. By M. S. Krishnan. 

(6) Conservation of Coal. By M. S. Krishnan. 

(7) (>)al in relation to Metallurgical operations. By Cyril 8. Fox. 

(8) Coal in relation to power. By Cyril 8. Fox. 

(9) Carbonization of Coal and recovery of by-products. By B. Wilson 

Haigh. 

(10) Carhomzation of Coal. By W . 3 . Savage. 

(11) Fuel Oil from mfetlor Jhana tkials. By S. K. Boy and S. S. Ghosh. 

(12) Briquetting of Coal in India. By C. Forrester. 

(13) Briquetting of Coal. By A. N. Mukherjee. 

(14) The underground Gasification of Coal. By Cyril 8. Fox. 

(15) Domestic Coke. By N. N. (?hattorjee. 

(16) Domestic Coke. By C. Forrester. 

(17) Fuel Research. By N. N. Chatterjee. 

(18) Fuel Research in India. By 0. Forrester. 

(19) Fuel Research : Indian Coal. By Cyril S. Fox. 

(20) Safety in Mines through educ^ation. By H. K. Nag. 

(21) Safety in Coal Mining. By E. B, Park. 

(22) Safety in Coal Mining. By R, P. Sinha. 

(23) Packing with incombustible material in Coal Mines. By L. J, 

Barraclough. 

(24) Some physical conditions which affect spontaneous heating in 

Coal Mines. By W. Kirby. 

(25) Fires and Ignition in Mines. By E. B. Park. 

(26) Storage of Goal. By C. Forrester. 

(27) Storage of Goal. By E. R. Gee. 

(28) Indian export trade in Coal. By 0. A. Innes. 

(29) The marketing of Coal in India. By C. A. Innes. 

(30) Some problems of Indian Coal. By A. L. Ojha. 

(31) Chemical constitution of Coal. By N. N, Chatterjee. 

(32) Methods of analysis of Coal. By N, N. Chatterjee. 

(33) Methods of analysis of Coal in India. By C. Forrester. 

(34) Sampling of Coal. By J. S. Sanjana. 

(35) Coal cleaning and beneficiation in India. By C. Forrester. 

(36) Coal cleaning and beneficiation. By E. R. Gee. 

(37) Sulphur in Coal. By N. N, Chatterjee. 

(38) Moisture in Coal. By E. R. Gee. 

(39) Moisture in Coal, By J. S. Sanjana. 

(40) A Critical Study of some Indian Coal Ashes. By R. K. Dutta 

Roy. 

(41) Ash in Coal. By J. S. Sanjana. 

(42) Volatile matter in Coal. By C. Forrester. 
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(43) Classification of Coal. By M. 8. Kri*dinan. 

(44) Micro-stTucture of some Indian fuBains, By N. N. Chatterjee. 

(45) Microscopic determination of the Barakar and Raniganj sandstones 

of the Jharia Coalfield. By S. K. Roy. 

(46) Studies in Coal by X-ray diflraction methods. By C. Maiiadevan. 

(47) Studies on the action of solvents on Indian Coal. By K. K, 

T)utta Roy. 

(^48) The Palsbobotanicat correlation of Coal seams in India. By B. 
S^abni. 

(4\)) State control in the Ck)al Industry. By M. K.ris\\niin. 

(50) Present status of the (k)al Industry. By J. K. Dholakia. 

(51) Present status of the Coal Industry. By D. I>. Thacker. 

4. The Fellows and visitors were entertained to lunch and tea on the 
25th August, 1939 through t})e generosity of the leading Coal Mining Conipanies 
of Calcutta. 

The proceedings of the Symposium will be published in the Proceedings 
of the Institute in due course. 

With a vote of thanks to the chair the X)rooee(iiiigs U^rniinated. 
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